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CHAPTER I. 

INTR OD UCTION, 

Attachment to precedent, and the desire of ascertaining 
antecedents in a question of practice, happily touched upon 
by Mr. John Scott Russell, V.P. Inst. C.E.,' by no means 
confined to the case he puts — that of English Engineers, 
may be said to be characteristic of the people at large ; arid 
it is extremely probable that a person about to embark in 
a scheme of Reclamation would wish to know, not only : 
What has to be done ? and : What is the best way of doing 
it? but alsq : To what extent is it matter of accomplished 
fact ? 

To fureish answers to two of these demands is the purpose 
of the present work. It would be highly gratifying could a 
reply be given to the third also ; and it is somewhat disap- 
pointing to find, in connexion with a subject admittedly of 
considerable importance, that no satisfactory answer seems 
to be at present possible. If negative results of diligent 
research and inquiry may be accepted as a criterion, it would 
appear that no public or authentic record exists of the total 
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area of tidal reclamation of land io the United Kingdom, 
and that none is kept of annual additions to it. In view of 
the elaborateness with which details lelating to all branches 
of natiotial economy are nowadays collected and registered, 
this item of statistics seems not unworthy of finding a place 
among them. 

That the total area must be something enormous appears 
from the fact, that in the estuary of the Humber alone about 
290 square miles have by degrees been eniclosed ; while the 
Fens of Lincolnshire are 3aid to include an area of about 
6So,ooo acres or upwards of a thousand square railcs.^ 
There is reason for believing that in Ireland, tidal reclama- 
tions are raoie extensive than those made in recent years in 
this countFy : in ScotEand also they are: not unimportanL 

In designing the works for a Reclamation^ it is an object 
of prime importance to enclose the largest area of land with 
a bank of the least length and the smallest average cross- 
section ; and considerable diversity of opinion exists as to 
the extent of land that should advisably be reclaimed at any 
one operation. Mr. Wiggins lays it down as a general rule 
that an intake of moderate si se is much more manageable 
and less expensive per acre than a large one," and recom- 
mends enclosure bit-wise: a matter that will presently be 
noticed. Mr. J. H. Muller^ on the other hand, considers 
that in most cases large areas are the least expensive in the 
end, " for," he observes, " if a smail area is selected at first, 
some portion of the Original sea banks will be useless when 
an increase becomes desirable." * Mr. G. P. Bidder, Past- 
President Inst, C.E.f "thought enclosure works of less than 
800 acres, the area usual in Holstein, would not be remu- 
neiative, and that from 1,200 acres to 1,500 acies was the 
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utmost extent which ought to be undertaken at one time. 
Beyond that area the diiSculty of dosing became almost 
insurmountable."^ It will be seen hereafter, that this 
difficulty, though no despicable one, is far from being 
necessarily the forrcidable affair it was at and prior to the 
date of this utterance, when the old-fashioned mode of 
dosing from the side was more generally in vogue than the 
then recently introduced and far preferable one of working 
upwards from the bottom. It is perhaps to this latter 
method that Mr. Muller, writing in 1S62, refers in the 
following passage : — "When large areas at this [the half- 
tide] level are to be reclaimed, it is sometimes considered 
necessary, that the species of preparatory banks called 
' cradge banks ' should be previously carried out from the 
shore, so that with less area, there may be a less extent of 
water to contend with, during the construction of the sea 
bank, but that practice is erroneous, as the difficulty in the 
construction does not increase with the size of the area to 
be reclaimedj but depends upon tbe relative width of the 
openings left in the banks,"" 

Another point upon which very various opinions have 
been put forth, is that of the cost of a work of reclamation. 
In 1867^ it was stated that this should not exceed ^£20 per 
acre.'' In 1876 it was estimated that it would probably 
lie between the limits of^io and ^£^30.^ Another estimate, 
accompanied by some remarks indicating the conditions 
governing the question, is as follows; "The cost of era- 
banking must of course depend on the depth of the marsh as 
compared with the length of the frontage, and special 
circumstances arising from situation make the banks either 
more or less costly. A fair average for an inclosure, with 
banks 10 feet in height, and slopes varying from 5 to I in 
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^^^^B the more exposed parts, to 3 to i where the bank is more 


^^^^H shehered, on the. sea side, and i^ to 1 on the land side, 


^^^^B may be taken at £15 to j£'zo an acre, including the sluice 


^^^^1 aad other necessary works. In addition to this from ^2 


^^^^H to ;£4 an acre wkll be required for levelling and ditching " * 


^^^^H — in all, about jfiS or ^£"19 to j£2;^ or ^^24 per acre. 


^^^^B The fDllowing tabular statement, compiled from various 




sources,'" illustrates the foregoing questions. M 
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It is probable that in all the above cases, the cost given 




^H is exclusive of parliamentary and legal, engineering, cora- ■ 


^H pensation, and other contingent expenses, and of the price 1 


^H of machineiy where pumping is necessary; the cases that.^ 
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admit of the calculation showing that the cost is rectoned 
on the work attjne. Those items, if added, would greatly 
swell the total expense, but would probably not to any 
material extent interfere with the relative proportion of the 
cases among themselves, which is all we are concerned with 
in the folEowing considerations ; — • 

The average cost per acre of the whole of the above is 
^iS i6s. 6d. ; but for comparison on other points, those 
cases only in which all the particulars are given, are avail- 
able — and as their average cost per acre is almost exactly 
that of the whole, we can safely deal with the figures belong- 
ing to them. Theirmean is : — acreage 380, ratio of area to 
bank 2*54, cO&t per acre ^18 7s. 3d, 

The mean of the four lowest in cost (A, E, G, L) is : — 
acreage 316, ratio of area to bank 3'i3, cost per acre 
£<i 95- 7d. 

That of the four highest (B, F, K, Q) is:— acreage 513, 
ratio of area to bank a'G;, cost per acre ^29 iSs, rod. 

The lowest in cost (G) has a ratio of area to bank of 
3*14, which is practically the mean of the foujf lowest ; and 
the lowest but one (L) has the highest ratio of area to 
bank, viz, ^'^ti : while the highest in cost (B) has the lowest 
ratio of area to bank, viz, 078. 

Of course, in dealing with figures relating to matters of 
this sort, wherein cost depends so greatly on the special 
circumstances of each individual case, it is not legitimate to 
attempt hard-and-fast conclusions. Eutltis not Unlikely 
that by many readers the foregoing results roay be regarded 
as lending some show of justice to the contention that 
small areas are relatively less costly than large ones. 
And there can be little or no doubt that the ratio borne by 
rea to bank does very materially influence expense — aeon* 
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elusion indeed entirely accordant with what one feels to be 
intrinsically probable. 



1 

... ■■ 



Upon the question of bit-wise enclosure already men< 
tioned, Mr. Wiggins observes : — " A very important pre- 
cautioQ is to divide the intake into as many porrions as 
circumstances render convenient, malting 30 many separate 
intatesor levels, since an intake of moderate size is much more 
manageable and less expensive per acre than a large one ; " 
and again : — " One great portion of the expense . 
incurred by the necessity [he is here speaking of a certaia 
intake on the Nene] of what are called ' cradge- banks,' 
which enclose portions of the space to be finally embanked. 
. . . Other cradge-banlis have been made, and are in-fl 
tended to be made, for the double purpose of reducing the 
area of tidal water to be contended against at one time 
. . . and of raising the landj which latter operation.* 
not only reduces the water in depth and force, but also 
makes the land more valuable when embanked. The benefit 
of these cradge-banks is thought to be so great, that 
although they do in fact constitute many temporary intakes 
in. addition to one permanent embankment, yet the parties 
are constructing as many of them as will ultimately reduce 
the space from which the water is to be finally excluded, to 
a few, Say 500 acres, — on the principle of lessening the 
force of the reflux tide, at or about the critical period of 
closing or shutting out the tide altogether." '^ 

In the case of the River Dee Company's Reclamation, the 
process followed was to construct a bank rising 9 feet- 
above the level of high-water, so as to confine the river t 
the south side of the estuary. The tidal water, which w 
admitted to flow freely between this bank and the no: 
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Coast, gradually deposited layer after Uyer of sand and silt, 
and in fact shut itself out ; and as soon as the surface had 
attained a sufHciendy high level, a cross bank was con- 
structed between the main bank ind the north shore, and 
thus ii large area was bit by bit leclaimed. The reclaiming 
banks were gradually strengthened, and pitched with stone 
on the outer face j and substantial self-acting sluices were 
constructed, which close against the ingress of the rising 
tide, but open when the tide has sufficiently fallen, allowing 
the drainage water to escape from the reclaimed ground, 
some of which is below high-water mark.'* 

This subject will be treated somewhat more in detail when 
dealing with the banking-out of streams intersecting an in- 
take 1 in modified form the principle is applied to the pre- 
vention of flooding caused by percolation and by casualties, 
which 30 far as needful will be noticed in due course here- 
after. The question of its preferableness to enclosure all at 
once, is but one out of many whichf as we shall frequently 
have occasion to observe, do not admit of solution by any 
hard-and-fast rule, but are determined by conditions of 
the particular case contemplated. 

■■ In the present volume, prices of work and materials are 
not as a rule given : those for items of a special or unusual 
description are occasionally stated, as a guide to persons 
who may have to frame estimates foe a work wherein these 
come to be employed. Every care lias been taken to bring 
them as nearly as possible into agreement with rates at the 
present time prevailing, chiefly on the Ea^t CoasL It is 
probable however, that even so they are but approximately 
correct, and the figures are to be received with this caution 
• — that prices Dccasionally vary ; that they ace not likely to 
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be uniform even at the saiEe period in all parts of the 
kingdom ; and tliat circumstances of locality, will almo&t 
certainly affect them in different pacts of even the same 
district. ■ 

No attempt whatever has heen made to give an estimate 
of the work as a whole. Mr. Wiggins, it is true, has made 
one J but of what value can it be accounted, seeing how 
widely dififerent must be the circtim stances of every indi- 
vidual case. A mean cross-section has to be assumed for 
his bank ; and it is ouly by the rarest chance that the bank 
required for a given work would agree with this mean — nor, 
even, if it did so, can it be taken that other data would at all 
agree with those assumed. Examination of the relative 
proportion between area and bank in the foregoing Table : 
the smallest amount of reflection upon the influence of 
shape and configuration of the ground On position and 
length of the drains, and of the amount of local and land 
waters upon their dimensions in cross-section and their in- 
clination : to say nothing of height of surface, range of 
tides, and a score of Other conditions — will sufficiently show 
how little reliance can be placed on any arbitrary estimati 
as a guide to solution of the question of cost as a whole. 
Of this truth another striking illustration will be found in 
the extreme variance in the cost of sluices, and a furlh 
one in that of the cost of pumping- stations. In fact, such 
estimates are worse than worthless as a guide — they actu 
tend to mislead. 



CHAPTER IL 
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Tn the course of discussion at the Institution of Civil 
Engineers in 1S63, on the Reclamation of Land from Seas 
and Estuaries, it was well remarked that "as regarded the 
general question, it was very difficult to separate the agri* 
cultural from the Engineering branch of the subject. An 
Engineer was generally called upon to report upon the 
desirability of making the proposed ioclosure, and some 
part of his observations must necessarily have reference to 
the value which the land would probably acquire by being 
reclaimed, , , . There was a particular class of finc sandy 
deposit, of a sLliceous character, which might easiily be 
mistaken by inexperienced persons for mud, but tipon 
examination it would be found to contain so small a 
portion of soluble matter as to render its enclosure a profit- 
less speculation. This showed how desirable it was that 
Engineers, who undertook this class of works, should 
address their attention to the character of the soil they 
were about to reclaim, because in some cases it might be 
worth while to mclose a small area with expensive works, 
while in others, however cheaply the works might be exe- 
cuted, the land when reclaimed might prove comparatively 
valueless."'^ Hence it appears that, in investigating the 
eligibility of a site, the nature of the soil stands first among 
the numerous points to be takers into consideration. The 
most essential among these are as follows 1 — 
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a) Soil, 

i>) Height with reference to tide-kvels, 

£) Slope and differences of level of the ground, 

rf) Intersection by streams &c.^ 

g) Shelter, 

/) The foreshore and the foreland. 

These points will now be considered seriatim^ 



a) Soil. — The chi-ef constituents of soils are : alumina, 
clay, silica, lime, and organic matter; alumina being the 
pure earth of alum or oxide of aluminiunif and clay a che- 
mical compound of about 60 per cent, of silica and 40 per 
cent, of alumina with a little oxide of Iron, no siliceous or 
sandy matter being separable mechanically or by washing 
in water. The most fami}iar form in which silica occurs 
is that of sand. Lime in soils occurs chiefly in the form of 
carbonate and sulphate ; the former being by far the more 
frequent and abundant and, in the form of broken and com- 
minuted shells, constituting in many locahties a large pr 
portion of the sand on the sea-shore, hence called calc 
reous sand. For agricultural purposes, soils are classifit 
in general as follows ; — 

J'ure day, consisting of about 60 per cent, of silica and 
40 per cent, of alumina and a little oxide of iron, Nfl 
siliceous sand subsides frOm it when diffused throue 
water. 

Clay seilf consisting of pure clay and 5 to ao per cent, 
siliceous sand, separable from it by washing in water. 

Clay loam, from which 28 to 40 per cent, of sand is sepa 
able by washing, 

Loamy soil deposits from 40 to 70 per cent, of sand whenl 
waihed, 
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Sandy ioam, 70 to 90 per cent of sand separable by 
washing. 

Sandy mi contains no more than 10 per cent, of clay, . 

Marly soil, in which the'proportion of Ume is more than 
5 but not more than 20 per cent, of the whole weight of the 
\ty Soil, It is X sandy, loamy, or clay marl, accOTding as 
the proportioa of clay it contains would place it under the 
oue or the other of the foregoing denominations, supposing 
it to contain no lime or not more than 5 per cent. 

Calcareous soil, in which the proportion of liiBC exceeds 
3D per cent. It is a calcareous clay, loam, or sand, accord- 
ing to the proportion of clay lE contains, 

Vegetable msuids are of various kinds, from garden mould 
which contains 5 to 10 per cent, of its weight of organic 
matter, to peaty soil containing from 60 to 70 per cent, (in 
each case when dry). These soils are clayey, loamy, or 
sandy, according to the predominant character of their 
earthy constituents." 

It is in the highest degree improbable that a Reclamation 
of any considerable extent would be undertalcen save on 
favourable reports as to the soil from a chemical expert and 
from practical agriculturists. In order, however, that the 
Engineer may form for himself a preliminary idea on the 
subject sufficient for purposes of classification, a good prac- 
tical process of analysis given by Profes^sor Johnston is 
appended in the Notes. '^ Such an analysis cannot, how- 
ever, be regarded .save as preliminary and general. The 
presence of even a small percentage of some substances is 
known to be hurtful, professor Johnston instances a sOil 
" taken from a field in which sainfoin died regularly in the 
second or third year after it was planted. This was natur- 
ally atiribHted to something in the subsoil. And by , 
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analysis ... it was found to coTiEain much sulphuric aci<3 
[i"4 per cent.] in combination with oxide of iron, forraing^ 
sulphate of iron (green vitriol). This salt being noxious tck 
plants, began to act upon the crop of sainfoin as soon as 
the roots had gone so deep as to draw sufficient supplies 
from the subsoil, and it thus gradually poisoned them, so 
that they died out in two or three years." " It has been 
stated that on the Essex coast the surface is impregnated 
and poisoned by something that comes from oysters." A 
much more minute analytical examination is therefore 
needful, before a soil can be conclusively deter min ed as 
being worth reclamation. 

On the other hand, it does not necessarily follow that a 
soil is worthless because preliminary examination such as 
that first mentioned shows it to contain an undue or even an 
apparently excessive proportion of sacd. A Danish official 
audiority " states that the land reclaimed from the shift- 
ing sand {fiyve sand) on the west coast of Schleswig gives 
good crops of grain, and he attributes this fertility to the 
fact of its intermixture with mica particles, which appear 
as regularly in that sand as in the marsh clay. Again, Mr. 
D. Stevenson, M. Inst. C E., says : — " The area reclaimed 
from the estuary of the Dee, which is now fertile land, was 
originally pure sandbank covered by all spring-tides, and 
utterly unavailable for any useful agricultural purpose." '• 
In some marshes at Morecambe Bay, portions of bare sea- 
sand, which formerly were covered with the tide every day, 
were scarified^ sown with seedSj and liberally dressed with 
bones and other manures, and soon became luxuriant pas- 
tures carrying extraordinary numbers of sheep and cattle, 
the former sometimes looking half overhead amongst the 
clovers,"* 
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Mr. John Wiggins," in treating of the eligibility of a 
site for reclamation, says with reference tO the question of 
soil : — " The best and earliest indication when a marine 
soil has become fit to embank is the growth of samphire, 
which demonstrates its stability and permanence of posi- 
tion, and is the forerunner qf the mariue grasses, sO healthy 
for sheep, which are largely fed on the very extensive 
saltings of Essex. . . . 

"The best soil for an intake, therefore, is that clayey 
earth whereon sufficient marine herbage grows to afford 
slieep-feed of some value, and this will be above the level of 
ordinary tides. 

"The next best is silty earth, with sheep-feed like that 
, . . found on the Lincolnshire coast. 

" The third is mud-banks with samphire, over which the 
spring tides always flow. 

"The fourth is mud, over which the tide always flows 
more or less, and this is eligible in proportion to its clayey 
matter , 

" The fifth is what is called sheer sand, which is almost 
barren, except as to a few plants, such as the erln^e, the 
saud-rush. Sic, but sometimes even this sand is rendered 
to a Certain degree fertile by the calcareous matter of com- 
minuted shells^ or may be rendered fertile by raising on its 
surface the marly substance sometimes found beneath, 

" A sixth class may be designated in those sandy and 
shingly dunes, which continue for ages bare of vegetation; 
and are only worth embanking on accoutit of local value ; 
and these must be deeply covered with mould to enable 
them to grow anything. 

"In our judgment on the all-important subject of soil, 
we are not, however, to be misled by the black and stink- 
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ing deposit of the sea amongst sandy particles,— not To 
mibtate the mere decay qf TDarine vegetation for inex- 
haustible fertility or lich manuie. Such matter soon dries 
into a caput moriuum^ and little but a white sand remains. 
To secure permanent oi high fertility, there must be suffi- 
cient quantity of argillaceous matter to render the deposit 
somewhat slippery under foot when in a moist statCf and if 
some shells are seen, so much the belter. 

"One may judge of what the sea-mud will come to when 
laid dry, by observation of the neighbouring shores. If 
they are argillaceous, so will be the soil of the intake ; if 
siliceous, sand will predominate, since these mud-banks are 
hut the detritus of those shores altered by the sea and its 
contents. 

" Shells mixed in fragraentSj or in layers, are always a 
good sign, and denote fertility. There are also often to be 
found patches of calcareousctay amidst sandy shores, though 
covered with siliceous matter, and by raising such upon the 
surface the fertility may be greatly increased. 

"It may also be well for an mtaJce to include some acre$| 
of beach or shingle, or gravel, as that material may prove 
highly useful for making or repairing roadsj &c,, or eve 
for draining." 

Some of the points mentioned in the above remarks, anc 
those cited on page 1 2 ante, sufficiently indicate the necessit 
for an examination of the subsoil as well as the surface soil^ 



i>) Height with, rsfsrence to tide-levels. — "ThisiJ 
important for several reasons, but chiefly on account of it 
drainage to seaward j for . . . unless there is heighl 
enough above ordinary or medium low water to admit 
the sluices running frctm four to six hours between tide an< 
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tide, QO sufficient natural drainage can be obtained, and it 
may be necessary to resort to the expensive means of steam 
drainage, and even that may not be effective in all cases, i.e.. 
cases in which the land waters come down very suddenly. 

" In Essex, no intake, as the embanked grounds are 
there called, is ever attempted of ooze or mud overflowed 
by every tide. It is only the saltings which are considered 
fit subjects for that speculation, and these are only covered 
by spring tides. The backs, or, as there termed, sea-walls, 
are therefore on ground generally 5 or 6 feet above low- 
water level, and the sea-walls seldom exceed 6 or 8 feet 
in height above their seat. SttU it is verypqssible to em- 
bank and drain lower slobs than these, but the difficulties 
are proportionate, and on the whole it must be concluded, 
that any slob of less height than that which admits of four 
to six hours' run, unless of extreme fertility to afford steam 
drainage, is not eligible for embankment, as besides the 
drainage, the lowness of the ground must be compensated 
by additional height of bank, and the hazardj and the ex- 
pense of security against that hazard, are thereby increased, 
. . . There is also another point, in which the height 
above tide is of consequence, viz. that in low cases the 
soalcage from sea to land is greatest, and the hazard of the 
bank blowing up more imminent. Besides, low slobs have 
seldom attained to those qualities of soil which are essential 
to fertility, and which time alone can give. There is yet 
another objection to low intakes, viz. that they contain so 
much sah from the constant presence of the tide, that they 
are a long time in becoming sufficiently freshened for culti- 
vation, and that time is prolonged in proportion to the 
tenacity of the soil." » 

This view of the case receives support from the opinion 
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c:cpressed by Mr, D. Stevenson": — " My experience leads 
me to conclude that it is in general ioexpedient to attempt 
to enclose land by permanent banks until, by gradual de- I 
posit and subsequent accumulation due to the decay of 
vegetable matter, its surface has reached about the level of 
high water of ordinary spring tides. I do not say it may I 
not be done before this level is reached, for land has, within 
my own, knowledge, been enclosed at a considerably lower i 
level on sotpe parts of the Tay, where the marshes covered 
by leeds in sheltered pJaces were found to be fit for enclo- 
sure, though covered to the extent of from 3 to 4 feet at 
high water, and on the Forth stiJl lower slob lands have 
been enclosed." 

While there can be no doubt as to the importance of 
securing sufficient fall for drainage, and of attaching due 
weight to the foregoing considerations as respects other 
points : it is to be observed that restriction of a RecUmation 
to the saltings or salt marshes at or above high-water level, 
stated to be the invariable practice in Essex, is by no means 
universal or even general elsewhere ; aad that a lower seat 
for the embankment may not only secure advantages out- 
weighing the difficulties and objections above advanced, 
but in many cases may be the sole means of taking-in 
sufficient land to repay the cost of embanking at all. Thijs, 
to cite only one example out of many that might be ad- 
duced : in some parts of the estuary of the Huraber between 
Sunk Island and Spurn Point, extensive tracts of " out- 
slrays" or (locally so-called) "growths" exist beyond the 
banks, and are submerged only at average spring-tides. 
These level tracts are covered with marine grasses, affording 
exceedingly valuable feed for young horses and sheep in 
the summer season.'* 
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Closely connected with the question of height, is that of 
warping, a process wherel^ the level of a marSh Or even of 
a slob may be considerably raised. This involves matters 
of construction not properly belonging to the subject im* 
mediately in hand, and its consideration is deferred to a 
subsequent chapter. It may here be remarlted, however^ 
that a judgment upon the eHgibiUty Of a site in reference to 
its height must not oinit to take into account the facilities 
it may present for being raised by warping. 

i 

^ c) Slope and dififerences of levol of the ground. — 
Although, this is a minor point, it should not be left out of 
account in estimating the suitableness of a proposed she. 
The surface of the ground should be s-omewhat, even if but 
slightly, varied by more or less of water-sheds and channels, 
so that rain-water may have free discharge into the lows or 
fleets — natural depressions usually occupying a consider- 
able portion of the surface of marsh lands — whence it is to 
be led into the general syatcro of drainage. A dead flat, even 
when well provided with grips and drains, ]s apt to retain 
the surface-water too long, to the prejudice of vegetation ; 
and without some such natural advantage of suiface, the 
reclaimed area will be more expensive to drain and less 
Suitable for cultivation. 



d) IntsraQotioD by Streams &c. — A highly important 
point for consideration is the intersection of the proposed 
site by creeks and rills, and by streams or rivers discharging 
inland waters. " In a mountainous country, or even such 
a one as presents a considerable slope towards the sea, the 
inland waters may be so considerable as to require great 
expense in conducting them to sea, clear of the intake, 

C 
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by means of catchwaier tfraifis intercepting tTioae n 
waters, and canying them out to sea, independent of 
waters of the intake ; viz. those of downfall upon i( 
springs rising within it : hence such intakes as have 
smallest quantity of upland waters to provide for, are 
most digibSe subjects.""* 

Creeks aod nils follow the Une3 of natural diainagl 
the site in its normal or unimproved state, and frequd 
afford valuable indications of the existence and positioi^ 
land-springs within it. Beyond useful information on ^ 
points, their chief if not sole importance consists inj 
difficulty and expense ihey may involve ia the carrying 
the bank across them, their bed being occasionally deep a 
of a treacherous softness. This will be more fully dealt^r 
when treating of the Bank. 

Streams aod rivers discharging inland waters pres 
consideration, matters of a very different character. 
catchment -basin needs to be carefully Studied, StnCC 
area, configuration, soil, slopes and surface, raiofall, < 
other physiographical features — affecting as they do 1 
nature and amount of solid matter brought down Ly 
water- courses, and the volume of water in ordinary flow I 
in floods for whose conduction through and discharge ft 
the reclaimed area provision mil have to be made—h 
an important bearing upon the value of the site and 
works needful for its reclamatiom " The drainage aiCI 
one situation, for example, may include large tracts of 
country, having steep and scantily soiled slopes, from wl 
the rain is readily discharged. In other places the surf 
may be flat, or gently rising deeply soiled land, absoil 
much of the rain, tliat falls^ and giving it off only by s 
degrees. The disdiajgei of other districts, again, nu)f 
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[luch infiaenced by their geological formation and the 
.bsorbing; power of the uadedying strata. Agric«Itiiral 
mprovemeDts, also, exert aa importaDt iafluence on the 
Irainage of land, large tracts of sheep grazing pasture, for 
xatBple, being less absorbent than an equal area of well- 
rained arable land."^ 

The solid matter brought down by streams varies accord- 
ig to the soil and condition of the areas they drain, and 
othing save carefiit eicamination can determine either its 
ature or its amount Should it be found to consist of soil 
:rtile in itself or suitable for admixture with the soil already 
n the site, it may in many cases be turned to profitable 
ccOllnt by warping. Where, On the Other hand, large 
uantities of iafertile gravelly detritus are deposited by a 
:ream on the proposed site, it is an unfavourable token ; 
ot alone as regards any prospect of advantage to be 
erived from it if warped, but also because the course qf 
ich a stream when embanked far conduction through the 
iclaimed area may be " apt to fill «p with gravelly debris, 
id either to overtop or burst the banks, thus causing 
yods at least, if not invasions of fertile lands by a covering 

infertile soil."='^ To endeavour to provide against this 
widening the opening between the confining banks 
r>u]d not only lend to augment the mischief by reducing 
velocity of the current and thus encouraging the deposit 
obstructive mattetj but would mean reduction of the 
claimed area available for cultivation. The remedy lies 
ther in contracting the channel, and this involves an 
^H'ease in the height of the contining banks and additional 
tpense in their construction. 

The relation of rainfall to outflow is a question compli- 
ated by so great a variety of circumstances and local con- 
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ditions, that notwithstanding the amount of painstaf 
observa-tion and calculation bestowed upon it, its solu^ 
by any method of universal application has not yet hi, 
arrived-at ; and save some general average results si 
roughly approximate rules nothing can be regarded as de 
lermined. Fifty years ago it was said to be assumed h 
scientific men that the proportion of outflow to rainfa 
was as I to 3,^ From observations made in 1S67 h 
Captain E. R. James, R.E,, on the River Wey, he coi 
eluded that the proportion of outflow to rainfall might 1 
roughly estimated as 4 to io< Certain observations mat; 
by him in another locality gave, indeed, very difFerej 
results, but these seem to be satisfactorily accounted for. 
In course of discussion on two elaborate papers read befoi 
the Institution of Civil Engineers in 1S76, Mr. C. Greave 
M. Inst. C.E., considered the proportion of the ordinal 
discharge of a river might be taken to be one-sixth, and ( 
a river in flood one-tenth, of the rainfaJ!.*' Mr. L. 1 
Vemon-Katcourt, M. Inst. C.E., after giving a summai 
of observations on several European rivers, proceeds > 
" It appears from these observations, that the . . . propo 
tion of the rainfall that actually reaches a river may vai 
from 75 per cent, on impermeable strata, down to 15 p' 
cent, on very permeable soils. These proportions, hov 
ever, are merely yearly averages, and would be much le 
in the warm season, and greater in the cold season."^' i 
the same time, however, it should be borne in mind thi 
*' perhaps the Only general result to he gathered from t! 
published observations relative to floods, is, that the floe 
discharge has a higher ratio to the ordinary discliarge : 
small, than in large rivers. This is due verj' much to tl 
iact( that ia a sms.!! river a rainfall affects every one of i 
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feeders, whereas, in a larger river, the influence of the rain 
is [perhaps] Hmited to one portion of the district only." ''^ 
Taking into COflsideratioh all thecirCuTnstance5,itis advisable 
to leave too great rather than too small a margia of safety, 
by providing for the passage of a maximum outflow ; facing 
a known definite outlay in construction in the first instance 
in preference to risking the di3astrOUS consequences of mis- 
calculation in the matter. "Taking the rainfall in the Fen 
district as a guide, it may be estimated that provision should 
be made for a daily rainfall equal to about -0076 of the 
average annual rainfall of wet seasons." " 

Finally it may be observed that investigation into the 
level of maximum and ordinary floods, by their vestiges if 
any such remain, or by authentic information concerning 
them, will usually prove more reliable than a theoretical 
estimate, and should in every case when possible be used 
in preference to the latter. 



e) Shelter. — " Another point of eligibility is the degree 

of shelter from prevailing winds which the position of a bank 

may afford, and consequently protection from seas driven up 

by those winds. This point is important, inasmuch as with 

a long sea-reach having fhll play against a sea-bank which 

" stands broadside to the prevailing winds, it is so continually 

'flogged and battered by the waves, that nothing but an 

^ expense disproportioned to the benefits can sustain the 

* banks. It therefore becomes necessary to look carefully 

^to this point of shelter, as one of eligibility, and for some 

''headland or some rock, some spit of land or bank of sandj 

^hich may either act as a shelter from the winds, or as a 

Breakwater from the heavy seas, since the more sheltered 

'a.nd land locked is the site of any intake, the more eligible 
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and secure will be its position, the more valuable its 
property, and the less expensive the maintenance of the sea- 
defences ; and moreover it is in such situations, as in bays, 
coves, and inlets, that the richest and best dilovial and 
alluvial deposits of soil are most usually found."** 

f} The Foreatiore and the Foraluid. — The words 
"foreshore" and "foreland" being sometimes employed 
without due regard to the distinction existing between them, 
it is propa to note that in the present text (save in quo- 
tations) "foreshore" is used to doiote the whole stretch 
of ground from average high-wata mark to lowest water 
mark, and '* foreland " that lying between the onter foot of 
the embanknmtt and the lowest water mark. 

The fo«sho« of an int«ded site will in general be 
found to consist of the following four kinds of ground, in 
cEe^cendio^ ord«; — the salt mai^h. on day or dayey soil, 
Kto^ usually at a level above high-water mark of spring- 
eitks; aitd s«)do(tt so low as to W omflowed save on ex- 
ceccb>aat ocvaisiOEts : salts, salting samphiic^roand, slob, 
Of s^e» a» t$ vartously tenae^i thie mud or rich aDuvial 
•Mteer ovetdowe^i at t^iih-wacer of Qe.^tDL!es aitd extending 
tc' a&ottt hiibsok^ kvei : sea-^utd mere or kss hard and 
$£QK : asK^ ac <x aK>ut k^w-^w^l^»- oaark. qutcksand or sand 
cii^^ly wsrtiiCiog; it. Tbesit *J* nee always occur togctfao 
M: a jtwM; S^K^'w. bttt w^? Of BBOw ot &aa enj nsoal^ 
^li- <^>^^^.-t<^£ V ^e- fottmi at any sice Sb:^ to pranuse wdl 

TV swi^ws vt" M\>rt iwF«t*3v>f itt a :ve«sb?R as iSetfaa^ 

cf)«- ^i^iTiJi? vH a ^'Y1KVi$I^£ sitje. i$ its asess js a &midatioB 
et?c aV >*a4.. M?. T. H. M'j;"f« r^jtas ^tis cut as &iIIiows>- 
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structed entirely on the salt mrsb, it is preferable to go 
to ha]f-tide level. Banks entirely on the salt marsh are the 
easiest to construct, acid the stroogest that can be made. 
Those on samphire ground and mud are the most difficult. 
During their construction, slips are of constant occurrence, 
the use or waggons and horses is impossible, and a large 
prajJortioD of the material is washed away, as it is deposited, 
and before the bank is cousolidaEed and raised above high- 
water mark. In fact, for waste, setthng, and contingencies, 
from 60 per cent, to loo per cent, of the original quantity 
roust be calculated upon as necessary. If a storm occurs 
during the progress of the works, the slopes cannot be pro- 
tected ; and indeed, a bank constructed on such a bottom, 
is always unsafe. When the line of the embankment is 
laid at the half-tide level, or about the limit of vegetation, 
and on hard sand, it is possible to make the whole of the 
reclaimed land fit for cultivation, and this mode of effecting 
the inclosure need not cost more, and is safer, than when 
the higher, but softer bottom is adopted as the seat of 
the bank."** See diagram, Fig. 1. At Malahide near 
Dublin, the estimated quantity of earthwork in an embank- 
ment was S8,ooo cubic yards ; but owing to the sinking 
of the bank— its weight displacing and forcing up the 
stab, the actual quantity required was 180,000 cubic 
yards.*" 

Not only the supporting power of the foreshore has to 
be considered, but also its permeability: percolation of 
water under the bank being a serious danger to its stability. 
" All natural soils aie mOre or less porous and transmit 
water pretty freely ; but some still retain their quasi-fibrous 
textiire, and have their tenacity not impaired, or at least 
destroyed, by being infiltrated. Others become entirely 
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disintegrated, and some almost lose their solid quality aiid 
run like a liquid. In consequence of their porosity, 
natural soils adjacent to water-courses beconne saturated 
to a long distance and nearly to the veiy level of the water 
itself. . , . If the natural soil be porous to a high degree, 
there will be leakage under the embaDkment to an extent 
which may be very inconvenient and even extremely dan- 
gerous. . , . It is sometimes enormous in quantity. If the 
Koil be of a. fibrous and tenacious kind, so that a certain 
continuity and coherency are preserved even in a moist or 
wet state, the evil will probably be confined to mere lealtage, 
which will be embarrassing or damaging in proportion to 
its quantity, its duration, and the means of getting lid of it 
by drainage. But if the soil be composed of loose and in- 
dependent particles of small size, it may become exceed- 
ingly Unstable and even mobiJe when saturated with water, 
A fibrous or honeycombed soil, though never so poro' 
yet presents, as it were, a network of capillary tubes, whii 
afford a strong frictional resistance to the flow of water 
diminish the hydraulic head by so ruuch. But earths 
second kind permit their particles to be perfectly envelo; 
by the liquid and held Ln suspension by it, in proportion tffl 
their smallness and lightness, perhaps also to the cohesiwa 
union between the water and the particles, which is difTereDll^ 
in different earths. Hence result a variety of treacheroaf ''I 
and semi-fluid soils, commonly classified together as ' quEcl^iro 
sands,' which instead of remaining in place and resistl 
the passage of water, are actually carried by il and are, 
it were, incorporated with it. It follows that such soiift^dc 
will transmit the pressure of the external water with uwQitEi 
paratively small loss. It is evident that if the water stan^iin 
very high against the embankroent, the pressure transnute^p 
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under the banlt will be exerted upon thclayer of strong 
soil, if such there be, overlying the [so-called] quicksand, 
and if this be thin, wiU- 'blow it up,' as it is called, thua 
knocking the foundation from under the dyke or levee. . ■ , 
This is QQ chimerical or merely speculative danger, but a 
very real and threatening one. ... In Holland, extra- 
ordinary precaution* are taken against it." " 

The foreshore geoeraily, and especially the part intended 
to be the seat of the bank, should therefore be carefully 
examined, as to its subsoil as well as its surface material, 
by trial pits and borings. The mode of dealing with defects 
in respect of bearing-power and pemaeabilityj will be coq' 
sidered when treating of the Bank. 



w The foreland plays so conspicuous a part in protecting 

^ the Reclamation, and so much the better does it serve that 
U purpose the wider and higher it is, that consideration of 
L advantage to be thus obtained may to a large extent influ- 
^ ence a decision as to whereabouts to place the seat of the 
f - bank. Mr. J. Wiggins" lays great stress upon it. "There 
L. is," he says, ^'certainly no feature appertaining to a sea- 
i_ bank of greater importance than this, since it acts as the 
^ ^vanced guard to the bank itself, receives the first 
J. shocks of the sea, and deadens its force upon the bank, 
Iby decreasing the depth and bulk of the wave. The 
iDFoader, therefore, the foreland, and the higher above 
_^^<jw-wateT mark, the greater its protection to the bank. 
. . . It will certainly answer the purpose of the boldest 
^ -undertaker, to leave at least one hundred yards in breadth 
ljj*"Utside his intake." And though, owing to his practice 
p solving lain chiefly in the Eastern Counties, he was doubt- 
l^&ss prepossessed in favour of the Essex practice of keepin* 
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the bank as far back as possible (anie, p. 15), aDd waE 
tent to sacrifice some of the area of reclamation for tht 
of safety, yet even among the advocates of bolder u 
takings the desirableness of width and height in a foi 
is emphatically recognised. " Of course the best prott 
which can be afforded to the foot of the dyke, is a 
foreland lying on its seaward side, and the probabi] 
damage decreases with the height of this foreland. AA 
however, there is deep water, this cannot be obtained 
the breaking of the waves is not only increased, bi 
dyke is exposed for a longer period to their oper 
Everything which can tend towards the increase of fot 
seems to be adopted as the surest course ; such as gr( 
coverings of straw and brushwood, &c" " 

No rule, however, can be laid down for determinati 
the extent to be given to this most useful feature 
value and importance once recognised, the rest 
depend upon local conditions and the circumstance 
requirements of each particular case. 



CHAPTER III. 
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The subject of the Bank or YSfnt^ Le. the mound whereby 
the sea is excluded frorn the area to be teclaimed, may be 
dmded under the following heads, viz : — 

a) Location, 

h') Materials, 

f) Form and Dimensions, 
i) Construction, 
() Closirig, 
/) PermaTjent Facing, 

g) Streams and Cradge-banks, 

I' k) Groynes and other Protective Outworks; and these 
L in their order will now be considered. 

^p a) Location. — The location of the bank depends upon 
I circumstances such as : the nature of the foreshore,, the 
I amount of shelter aiforded by the configuration of the coast 
and by shoals or sandbanks, the quarter whence come the 
prevailing winds and the heaviest seas, the direction and 
force of currents, &c.— conditions varying with each par- 
ticular case. It is also affected by considerations respecting 
the proportion borne by the area desired to be reclaimed to 
the amount of embankment needed for its enclosure: it 
may, for example, be prudent to keep the bank well back 
in a position of safety and expend httle on its construction, 
in the case of an area of small extent or one promising only 
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a small return upon the cost \ while on the other hand an 
area, worth enclosing by a bank of moderate extent and 
cost, may be capable of being so greatly augcneuted by boEd 
treatment as to warrant the construction of a highly expen- 
sive one : circumstances alone can, decide the question. 
Another point to be considered is the amoUDt of inland 
waters other thao those whose outflow is by a river or 
stream separately embanked and having a special channel 
to the sea independent of the drainage-sluices. This point 
will be dealt-with in detail when we come to treat of 
Drainage : its bearing upon the location of the bank con- 
sists in this — that the greater the amount of outflow to be 
provided for, the higher above low-water mark must the 
bank be placed, unless the number or the discharge-capacity 
of the sluices be increaseilj or power-drainage resorted to. 
Upon some points relating to location of the bank there is, 
as wilt presently be seen, divergence of opinion. But there 
exists a general ag^ieement as regards the placing of its seat 
at such a height above low-water level as to allow sufficient 
time for natural drainage of che enclosed area ; the alterna- 
tive being a necessity for the employment of power-drainage 
or the proportional increase in number or dimension of the 
sluices. '* Banks on a lower level than that of the half-tide 
mark, are not advisable, od account of the shifting nature 
of the bottom which is ordinarily met with, and the large 
openings, and low levels, which are required for the outfall 
sluices."" "The bank, therefore, must be placed suffi- 
ciently above the tide at ordinary low water to admit of the 
sluices remaining open as nearly six hours as possible, and in. 
general for four hours at least If placed at low-water mark, 
the return tide would evidently shut the sluice valve, or 
door, almost as soon as it was opened by the tide receding 
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although so long as the weight of watet inside the s-luice is 
greater than that outside of it, so long will the sluice remain 
open. When placed bo low, however, the nin is stopped 
whenever the tide does not recede so much as usual^ which 
often, happens when the wind keeps up the water, and also 
in neaps. Therefore the sluice raust be placed, as nearly 
as circumstances will admit, so far above the low water of 
spring tides as will allow it to have six hours' run between 
tide and tide, banning to run at half-dde of ebb, and con- 
tinuing to half-tide of flood. But the siil of the sluice 
should be at teast 2 feet below the level of the land, there- 
fore the proper height of the foot of the bank above \o\\'- 
, water mark is 4 feet at least Most speculators will, how- 
ever, carry their line of bank to within 2 feet of the low- 
water level; but this is imprudent and injudicious, as the 
greatest feult of an intake is being too low with reference to 
the tide, and the more especially when it is flat as well 
as low, in which case its drainage is difficult and expen- 
sive, and, however good the soil, its cultivation must be 
iitiperfect without the expense of machine drainage, in 
addition to what natural drainage can be obtained. We 
conclude, therefore, that the most eligible situation for a 
bank is such as will allow of about 2 feet from the sill 
of the sluice to dead low water, that sill being placed 
3 feet below the general level of the land, i.e. the land 
"fceing 4 feet above low-water level j but this must depend 
■on many circumstances, amongst which the quantity of 
"vater intended tO stand inside the ititake, or what is 
"Xjsually termed 'the fleet,' must be taken into the account; 
.^ind if all cannot be drained, it will be important to deler- 
*:iiine how much beforehand, and to place thrf bank accord- 
Sjigly. Thus, for ingtaQce, should the proposed, intake 
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consist of ijooo acres, and shouM the chief part, say Joo 
acres, of its surface, be 4 Eeec above the dead low water, 
it wouJd be sufficient; although 200 acres more might net 
be above 3 feet higher than low water, and even loo 
acres either not above i foot high-er, or never ebbing 
dry, since these lower levels may cither remain as fleets 
(lakes), or, if worth while, be drained by steam.'' " 

Of course, at a site where the rise of tide exceeds S feet, 
the heights above meDtioned would place tlie seat of the ^ 
bank below half-tide level, which would be not in accord- 
ance with the recomitiendation quoted at page 2S; but in 
both cases the statements should be understood as ex> 
pressing and illustrating a well-defined general principle I 
rather than a hard-and-fast rale. 

Fig. I is an imaginary cross-section ot a foreshore, show-] 
ing the general succession of the various soils and thel 
several positions of a bank at different heights above low-J 
water. 

The limit of she of Intakes, and their proportion to tl 
bank Deedful for their enclosure, were dealt-with in thel 
Introduction; and what was there stated will serve as aj 
general guide on that head. 



As regards the line and direction on plan of the bank 
with reference to prevailing winds, the run of the heaviest 
seas, and the flow of currents, there is much diversity of I 
opinion. The distinguished Dutch authority Caland, is 
cited in favour of a line with as few salient angles as pos- 
sible, set somewhat aslant to the run of the sea; and he 
nowhere appears to contemplate the construction of banks 
haying concave curves, or retiring angles. Where salieni 
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that the salient angles may protect the retiring lines,— I 
not actually zig-zag, but with projecting elbows here and i 
there, so placed ss to embay the spacee between them. 
The benefits of these projections are considerable. They 
shelter, uuder some circumstances of wtod and tide, 
very extensive reaches of bank to leeward of them, and 
in other cases they break and divert waves that would! 
otherwise rake the bank for miles. They act as jetties 
also, and lend to accelerate, if they do not actually cause,j 
the accumulation of silt and mud in the bight to ]ee-| 
ward of thera, and sO nqt only strengthen the bank, bull 
also prepare for another embankment outside of the hrst 
Care must however be taken to enable these advance 
guards to sustain the rudest shocks of the ocean, and, wit! 
this view, they must be -wdl covered with stone over th( 
whole of their height above tide. The position and dis| 
tance of these points must depend on the general form 
the shore and on the form of the line chosen for the er 
baakment, but it would be well to place them upon anj 
rocky or gravelly points that may exist on, or near, the linf 
or even any little mounds that may occur on the line, if 
sound materials, but also so as to present one of their pre 
jecttng sides to the most prevalent wind and sea, and 
that it may throw off to seaward any wave striking that side 
The distance of such points may be from one Eo two fiiT 
longs, and in the case of bays between, they may he morJ 
distant, even to a mile. The bank in the intermediate 
spaces between these points had better be rather curv* 
than straight, and the curves had better be rather inwa 
towards the land than outward towaids the sea, — becaii 
the power of the wave will be diminished by the inlet «| 
bay thus made, and it will have a tendency to fill up ai 
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igthen the bank. In choosing a site for a sea-bank, 
jire should also be taken to avoid those spots which are 
reposed to any great current or rush of tidal or ]and-flood 
-^aters against the bank, since the force of such waters may 
M SO great as inevitably to overcome the resistance of 
tmost any bank. In estuaries or inlets where the entranct 

wide but suddenly narrows, these currents are often very 
3rong, — the tide comes up with an ' eager ' or ' bore ' as it 

variously called, i.e. a. wave of several feet in height, — 

Rin the Severn fqr instance, which scarcely any bank 
Id receive 'full on' without destruction, although it 
Sght pass innoxious from end to end a/cm^ the line of 
i_nk. Sometimes also, the mOst tennpting land-locked 
"wations are hable to this objection, and where it seems 
3y requisite to join two opposhe projecting points by a 
:»ik, in order to gain a laige extent of land, and yet such 
feank may be almost impracticable by reason of the 
«Dng currert with which the tide sets in against it. On 
_Dther hand, there may be very eligible situations for a 
ijanfc, even in such estuaries as are filled by a rapid 
ll currentf because there are often in such estuaries pro- 
"Ring points of land which break the force of the current, 
3 in the bight of which the tidal rise is almost tranquil." 
^r, J. H. Muller's optniois differs considerably in some 
pjects from those above given. "The principal object to 
fcept in view, is to inclose the largest area, with a bank 
Itbe least length, and the smallest average cross section, 
^se points are regulated by the direction of the outer 
CnoB of the embankment, or sea-bank. It is sometimes 
*inniended that it should be, as nearly as possible, 
^-Ilel with the current, and at an acute angle to the pre- 
ig winds. But experience seems to show, that where 
D 
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creelcs tlo not interfere, a different system is preferable] 
Wlicn the embankment is placed al an acute angle to tht 
prevailing winds, the force of the trave acts on a greater! 
length of bank, without much diminishLng its intensity. AI 
current which runs parallel to a bank, also occasions al 
chafing sinailar to that which is produced by the action of : 
stream on the sides of a. river. . . , It is best to con^ 
struct one side of the embankments boldly exposed to tht 
full force of the gales, so that the sea bank will shelter, oil 
protect the other two aides. By this arrangettient, a less 
extent of bank requires supervision during gales, and u 
executing the work, if the sea bank is first madej the oiheii 
two sides Can be finished in- Comparative security. A direct 
tion, at right angles to that of the current, also possesscr 
advantages, on account of the small extent of bank which ij 
acted upon by the current, and the eddy which is produce! 
occasions a.n accumulation which forms a protection, througl 
out a considerable length of the bank. Indeed, the direcdoj 
of the original currents are generally so much changed, bi 
the altered outline of the foreshore, that in most cases it iJ 
only necessary to take the current into consideration witl 
regard to the difficulty of constructing the bank, but nc 
with regard to its maintenance," " 

In the case of an embankment on the River Crouch, ij 
EsseK, the sea is said to wash the bank in a peculiar waj 
coming from the German Ocean with a sort of cutting side 
wave that probably has a more wearing effect than if 
came directly upon it." 

It is not easy to determine a question respecting which 
&o great a diversity of opinion exists. The probability is] 
that the several writers had in view examples wherein Ihe 
conditions differed widely : it is self-evident that whal 
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taigbt be perfectly efficient in one case might fail in another. 

Whether the bank should squarely present a bold front to 

the seaj or one retiring at a greater or less angle, depends 

,' upon the gradual or rapid deepening of the sea-bed beyond 

Slow-water mark, the steepness or flatness of the foreland, 
the materials of which the bank is constructed, and the 
. Cotce of the tidal currents at different levels of the tide, 
f quite as much as upon the existence of shoals or rocks that 
J may diminish the force of the waves upOn the bank itself. 
^ Where the water deepens rapidly and the foreland is steep, 
Ak may be in a general way assumed that a bank somewhat 
^plant will answer best, and pice^fTsS — but such an assump- 
Jtion can never be more than of a very general character, 
(^ The " projecting elbows " advocated by Mr, Wiggins, 
i besides ser\'ing as breakwaters to she]ter the bank, are evi- 
^1 deotly intended to act as groynes in the accumulation of 
j protective material at the foot of the bank, much in the 
same manner as contemplated by Mr. MuUer when recom- 
meiiding that one side of the bank should be boldly ex- 
posed as a shelter to the retiring sides. When we come to 
treat of groynes, it will be seen that the same end may be 
accomplished in a simpler and less expensive manner than 
that of makicg the bank itself serve the purpose. Boldly In 
take the full force of the sea in a gale, the face of a bank 
must be effectually fortified ; and any projections serving as 
breakwaters will need to be strongly constructed. Whether 
under any circumstances a curve concave to the run of the 
sea is advisable, must be extremely doubtful i and unless 
cogent reasons exist for its adoption, it would be well to 
avoid both it and a strongly convex line. If one or the 
other i.s found to be unavoidable, the point at which the 
line of mn of the sea is normal to the curve will need to be 
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apecially protected ; because if the curve is convex Iba^ 
part w]ll receive the full force of ihe waves and turn thcr 
aside, and if concave wilt have to stand not only their] 
direct shock but also the uprush at the meeting of the cur- 
rents occasioned by the run of the sea along the curvt 
on either hand. That this would be the case appears to 
be corroborated by an observation made by Captair 
O'Brien, R.E.,"" that on the concave sweep of the shore a^ 
Romney Marsh, the middle of the curve or bight of thi 
bay was the part that suffered most from the waves in 
g.i1e, and was always liable to be scooped out unless mean^ 
were talten to prevent it 



/') Materials. — The choice of material for a bank del 
pends, not always so much upon what is intrinsically th^ 
very best, as upon what is most easily procurable at or nea 
the site, the question of expense being in general a highlj 
important one ; and experience lias shown that even wit! 
]30or material a. good bank may he constructed if propej 
precautions are observed. It is found in practice that 
bank of almost any material, presenting a proper slope ami 
suitably protected on its surface, will at least for a whi 
withstand the action of the waves, if it be high enough 
prevent them from runniog over its top- MoreoverJ 
materials which rank as best are not always exclusively 
used throughout a work even where they are readily pro- 
curable ; some being better suited for one purpose or in one 
part of the work and others for another. It is therefore 
desirable to consider the several materials themselves, and 
the ojjinions of experts concerning them ; leaving the 
details of their employment to be more fully dealt with as 
may be needful, under subsequent sections. 
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The employment in sea-walls of stone in the form of 
masonry, being almost exclusively confined to those in- 
tended for coast-protection, does not come within the 
iscope of the present inquiry. Its use in works such as we 
iare now dealing with is chiefly in the form of pitching and 
irubble, its weight rendering it valuable for loading as well 
jELS protecting softer and hghter materials. A batik of 
(rubble, however, is not of itself sufficiently water-tight to 
iexclude the tide, and needs to be rendered so by a core of 
Bapervious material or by a layer of puddle and clay on its 
fsfia-face — the latter indeed would in any case be required 
' if the bank is intended to be overgrown with vegetation 
I other than seaweed. Where stone is abundant and easily 
procured, such a bank might possibly prove to be the 
' cheapest in construction ; but a coast presenting sites suit- 
able for reclamation by embanking is usually deficient in 
' Stone. 

Where stone for facing, weighting, or other purposes, is 
not readily procurablej and shingle, gravel, and lime are so, 
concrete may be ad-van tag eously employed. Although 
inferior in specific gravity to stone, it possesses one great 
lecomraecidation in being easily naoulded into blocks of any 
desired size or shape. 



Gravel is by Mr. Wiggins regarded as one of the most 
important and at the same time often the most easily pro- 
cured material for a bank. " The uses of gravel," he says," 
" are manifold. At the outer edge of the bank gravel is the 
very best material wherewith to form the lower portion of 
the slope or facing, where it forms a. natural sm-bdaeh almost 
impervious to the water, and also a roadway, the traffic on 
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whidi consolidates the sand below, Jn this latter use 
may also be applied with advantage to the inner edge 
foot oi the bank. This material also, being; spread over t 
stone facing of the hank, insintiates itself into the inteistit 
between them, and keeps them better than the best mason 
But the use of gravel should be almost confined to the e 
side of the bank (the internal material requiring to be ofl 
most cohesive kind that can be obtained); a coating 
gravel of several inches in thickness being spread previi 
to the stone facing being applied. 

"Gravel also might be advantageously used as 3. strb. 
iu(e for stone, in the facing of that portion of the ba 
which is above the main bank. . . Gravel might, indeed, 
many cases, he substituted for stone or any other facing 
the whole bank ; and to qualify it for this valuable appli 
tion, it is onJy requisite to give the bank sufficient slope, 
as to resemble a natural sea-beach ; and if the original sh 
is muddy, a coating of 6 inches of gravel, over iS inches 
mud, would probably form a facing not to be surpassed. . 
Even soft wet mud, costing 3d. per cubic yard to throw 
may be fixed and consolidated into cement by the addit 
of one-third gravel brought to mix with it, costing i 
cubic yard, making the whole to average 6d.per cubic 
... A wall Gipisk or rammed gravel in a frame might w 
judiciously be adopted for 2 or 3 feet of the centre 
the bank." 



Respecting sand as a material for the bank : — 

Mr. {afterwards Si^t John) Hawkshaw, M. Inst. C.E., 
sidered that the sand of the sea-shore, with a slope of 
7 to I, *' proved an effectual barrier against waves if it 
long enough." '* 
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ise iWAt Folkestone, -when the sand was left bare by the wash- 
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Unprotected surface stood at a. 
slope of g to I , and resisted the force of very heavy seas.** 

The bank at Holkham in Norfolk, for a lengtii of about 
Ii4'00 yards was formed entirely cjf sand inside, protected on 
&e Sea-face by a feet thickness of puddle and on the land- 
^e by I foot of puddle, the upper portion of the external 



Og 0- slope being covered with grass sods 3 inches thick and the 
=viou bwET portion with shingle. This bank is but little exposed 
*o deatrucdve action of the sea, there being no long fetch of 
"Waves to break upon it. In 1867 it was stated that in the 
^'^s years then elapsed since its construction it had needed 
'^o Considerable repairs save those of a breach caused by 
'le Severe storm accompanied by unusually high tide ; and 
^^opioion was expressed that experience had shown sand 
"^ the better material for the construction of these banks, 
^^ttlenient having occuired in the large one so formed, 
. ^^^ the smaller one, entirely of clay, had required addl- 
^^ to be made to raaintain the original dimensions.''-' 
^"^^eial of the banks in Schleswig are of sand ; and where 
'^^aterial is used both slopes are covered with clay. In 
cases where sand or earth is used, percolation will 
^tijnes take place unless a core of clay is carried up from 
'^'^siderable depth in the ground. The same result is 
„ ***3. to occur in some of the banks on the shores of the 
^^ter, and the remedy is the same." 



tio 

S 

that 

SOUj 

a 



of b 



'^*id was generally ased in the hearting of some 13 miles 
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^nks On Lough Foyle and in Morecambe Bay, the sea- 



'^«s being covered with iz inches of clay puddk and 

^"•-it 15 inches of pitching, and the banks are stated to 
bave 
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stood several years without any faiEure." Limestone 
tbe pitching was ID the latter case readily procurable 
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hxxn excavations and quarries in the immediate vidnity o| 
thewoAs. 

An cmbanknt«it on The Wash, 3 miles in length, of sand] 
loam well puddled, covered with 15 inches erf day and i: 
inches oi Norfolk chmcb, stood wdl and resisted the actionl 
of T«7 heavy seas.'' linings of sand aie frequently intro- 
duced into the body (rf dykes in Holland, to prevent rai 
and moles from damaging thcnx. 

Mr. Wi^ins strongly objects to the employment (rf sand- ' 
and his statemntts> aKhough perhaps not quite free fr»0 
fftii» fHmcifa, aie too inqxHtaut to be wholly Deglecte^::^ 
""Sandy ma^tal,'' he says,*^ "^ is the most difficult to mana^'C 
and tite kask to be depended on. If it be used iniaisiK:*: 
titM* baztk> great part is taken away by almost every tide, ^^ 
what has been pcevioosly collected betw ee n tide and tiiV^^ 
azHi SQcoetimes much moce is taken by a tide than was cf=>* 
kce«d between that and the preceding tide. This inatcim>^ 
leedlts away Ske sogar in water, and nxost be coQccied agai-^ 
xed aga^ to petfonn the wock^ which after alt is ahrvr^ 
foi^fe to esca^ paitK^e by partide; — ^when dry, nmnii^ -^ 
ta 3A hottr^liaiss AtEoa:^ evexy apextnx^ or Uowine ai 
wtth ewey wtod ; or stoliog to a !««£, w^Kst wet 
itbK-woakij9g. with th^ matntal is aCtem^ed wt& mfiiute 
^Sicat»90)> and at kast twofobi dte cost of any otho- 1 
jtsOA ^ 9^ot. Many e^^^edients are in. use to pa gi eM 
,jgc8^> 3* cofl{«tog tiSie- bacLk of it every tufc wxAi 
wftwA ace- iwiBOw?! when th* work recommences at dae 
gggsijjo, (rf tjtetofei insfeedui lite case of tSose toose 
» Jjtg; »wfe wbifA we- aj» now coaKmpIittmgi. i s 1 
,jg,;,ja3atT( i»'fts.dtemwiJi;5»itt&aJfayMx£ toxyacd 

,^ae- tWwOTffl: ^ **^ '*^**^ saniM- off tiaofet Oe 




i 

1 



^**y <CetUial, safe, and pennanent^consequendy the least ex- 
^ Pensive mode ulrimately — would be to avoid using a single 

-^^ ^ove]-full of such sand, but to bring all the materials for 
^ "f^ bank from the nearest depot of good material, and lay 










'* Upon the sandy surface [of the seashore]. It is true that 
'^ and horses being used to raise the baolc with such 
^T^^nds, the pressure of these has a great effect Id consoli- 
W^ . * "^iJDg (his loose material, but still it is treacheroiis, and 
. i~^ , ^"ch gf it escapes at every ride, and if thus raised at sixpence 
gj,^^, Per cubic yard, it would be better poli<^, all things coa- 
j- _ ^i^ed both present and future, to incur a charge of one 
■^ _; *^i-Bg per cubic yard for better materiaL" 

There ts however another kind of sea-sand, locally 

^"^^d ' ri//,' which seems when wet to be somewhat muddy 

, *-*■ argillaceous, and which in that state not only retains 

l^ «sition when laid up in bank, but seems ponderous 

71 ** sound. But even this kind of sand dries into * nmning 

^-3^, though not much liable to blow, and less prone to 

" ^*-]pe than that just mentioned. Such sands are best 

*'^2cted by means of planks and barrows, Of by borses and 

^-^, and perhaps the cheapest and best way of embanking 

.^*^ them, in cases where stone is too eipcnsive, is that of 

^ing a bank of great bu!k, tnrfing or gravelliog the sea 

^^, and mending every htOe ' peck ' or injury as it occurs, 

^Xl the bank has become so firm as to bear the tide. It 

X^ld however be extremely pnidcnt either to cover the 

r^^^Ie of such a bank with turf or with some feet in thick- 
*^^^s of clay, or at least a foot thick of such gravelly or stony 
**'*"th as would soon admit of vigorous vegetation over /A^ 
*^«/c sGiface." 

* But the policy of making sea-banks across verj- ierose 
-sands is al least qaestiona.ble, even in cases wbere the 
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level of those sands a.iimits of a good drainage to seaward 
since to bring all ihe materials from a distant spot may hi 
very expensive, and to throw up the sand itself is dangerous 
where they are covered at every tide, and the water dwellj 
long enough to saturate them ftiHy. and that continually, so 
that Id course of time a communication takes place betweei 
the water-soafccQ sand outside Or seaside, and that insid 
or landside of the bank, the silicious particles become sepa 
rated by the aqueous particles, and when the latter becom 
predominant the tank blows up. This has been expcrienci 
even in cases where all the materials were brought from 
distance, and the sand untouched, and therefore sea-bank 
can Only be made with absolute security with this material 
in cases where the sandy soil is above ordinary tides aii< 
covered with vegetation : even then, the bank must be ver 
■well packed and covered with mud, so that the water canno 
penetrate between its clods when it has shrunk In dryin] 
and it must also be guarded on the sea-side with stone 
liable to any great swasJi of the wave. Another fault o 
sand-banks is their liability to sink, from the finer particles 
of sand being drawn out by the suction of the retiring wave; 
and tf the smallest particle of sand escapes, then it will be 
followed by another and another, the mischief silently gomg 
on till it becomes apparent in visible depression of the front 
and top of the bank, which perhaps may at first be taken 
for a shrinking or settlement of the materials in that pla<s 
more than another, or to the consolidation of the sands 
beneath, and the parries may proceed to make up the 
deficiency, under the idea that their bank is stronger than 
before, till new instances attract notice, and the real cause 
becomes known. It has been found in such cases, that a 
broad footing of gravel increases the seat of the bank and 
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checks the percolation of water underneath it, especially 
when that footing is made a common road for traffic. If 
sea-banks are built over, and with sands, it becomes also a 
very essential point to make use of a great quantity of pon- 
derous stone, not only to brealc the waves acd to prevent 
their tearing away the face of the bank, but also to weight 
' the sand and compress it, so as to bring it to as near an 
t approximalion to a solid state as circumstances will admit, 
i and thus lessen the chances of the water insinuating itself 
t amongst the sand forming the foundation of the bank, 

PI " After all, no art or expense whatever can always insure 
a sea-bank on a sandy shore, and in an open exposed sitna' 
" tion, from considerable damage. . . . Such, therefore, should 
I only be risked in sheltered spots, and where the rage of the 
I ocean is mitigated by projecting rocks or spits of land, pro- 
j tecting the bank from the inclement points, or the shore is 
observed to be increasing. But if baoks of sand are attempted 
' they should be of ample height and dimensions, and the 
front or facing guarded with clay, turf, sodding, and Stones, 
besides constant watching and repairing every Little breach." 



to 



Peat-moss appears to be a good material for a bank. Its 
tough fibrous nature, its elasticity, and the readiness with 
which it consolidates into a dense mass, render it peculiarly 
valuable for the purpose. It is found also to possess advan- 
tages as a material for puddling, since it readily imbibes and 
retains moisture, and does not crack from dryness as clay 
puddle frequently does. In case also of holes being made 
in such puddle by vermin or by external injuryt it is found 
that they sOOn close again, owing to the elasticity of the 
peat and its tendency to grow together. It is sometimes 
used as a puddle between two stone walls, soraetioies as a 
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backing instead of clay, and is particularly recommended 
for use ID combination, with nibble stone. The action o 
the waves against it even adds to its securityj since from its 
fibrOtis nature it retains any silt thrown Up with the water, 
until all the interstices between the stones are completely 
filled. In 1841 it was stated that upwards of twenty years 
had elapsed since some of the first banks were constructed, 
and that up to that time they had perfectly answered their 
purpose.** 

Mr, Wi^ins says it is apt to split in drying, forming 
crevices, necessitating occasional Opening of the face of the 
bank for the purpose of stopping them. In other respects 
he speaks well of it; and mentions that a peat sea-bank 
which was opened after being built for seventeen years, 
exhibited the materia! as fibrous and undecayed as when 
first deposited. It had been covered and compressed with 
layers of stone and gravel. This bank was built across a 
sandy estuary, where it was deemed too hazardous to make 
use of sand in its construction.'^ 

Owing to its lightness, this material needs to be well 
loaded, and thus seems to be most suitable for use when in 
combination with stone. 



Clay is the material most commonly employed where 
obtainable, a«d may qn the whok be r-egarded as the best; 
although (cf. pp. 39, 45, 46) authorities are not unanimous 
on the latter point. In what follows, it will be observed that 
even among those who advocate its use, some recommend 
that it should be mixed with sand. 

" On the whole," says Mr. Wiggins, " it must be con- 
cluded, that of the materials for a sea-bank, tenacious claj 
is the best, and loo^t sand the very wgrst- All the inter- 
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lediate modifications of soils wiU have their respective 
merits or demerits, but they will be eligible in proportion to 
their ponderosity — their cohesiveness — and their power of 
resisting the action of water, either in penetrating or dis- 
solving them : and these soils will be ineligible in proportion 
to their lightness, their looseness, and their aptitude to run 
and blow away when dry, or to melt away when wet." But 
he immediately adds: "A mixture of materials, bad and 
good together, when in a wet siaie, woufd probably reduce 
the whole mass to an eligible condition ; and although the 
expense might be thought too great at first, it miglit be 
found economy in the end." And of clay geaerally, he 
observes; "Even Stiff clay requires to be very carefuHy 
packed."" 

According to Caland, all the properties required in a 
material for a. bank are best found in common clay, having 
the greatest weight, particles so fine as to be imperceptible 
to the naked eye^ and the greatest continuity of known 

tils." 
The material used in the dykes in Schleswig and Holstein 
IS sometimes of clayr sometimes of moor or bog earth. The 
best material is considered to be "clay, mixed with sand ; 
and as the marsh ground itself is usually of this nature, it is 
generally used. Clay alone, without intermixture of sand, 
easily bursts after exposure to the rains, or dries suddenly 
by excessive heat. Common soil is frequently used, and is 
considered good, though not equal to the sandy clay, as 
moles, rats, and foxes can more readily make passages 
through it, which at high water may sometimes become 
dangerous, and the holes are not easily stopped. Where 
good materials cannot be procured, in sufficient quantities, 
jr [he formation of the dyke, it is cusloraary to cover the 
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water slope with clay, several feet in thickness;, and if the 
material is of fine sand, or of bog eartli, both slopes aiJ 
covered with clay," For closures also, clay alone is re| 
garded as an unsuitable material. " It was liable to cracl 
and dissolve, and a great portion of it was generally washef 
away. Clay and sand combined resisted the action qf thd 
water much better." '^ 

On the other hand, it is stated that a bank at the entranc^ 
to Wexford Harbour, in what appears to be a not ver 
exposed situation, failed "in consequence of being buiJt 
sand, fascines, and clay, mtsed together."" No details ard 
given of the dimensions, slopes, or face -protection of this 
bank — particulars which may have had as much influenci 
upon its stability as the mateiial composing it. 



£) Form and DimenaionB. — The form of the bank iJ 
cross-section is (very roughly speaking) a trapezium, iJ 
longest side being the base, its shortest the- top, and tli 
other sides forming the sea- and land-slopes respectiveli 
the longer slope being seaward. The materials composir 
it maybe approximately taken as weighing about 123 ]bs.| 
per cubic loot ; theoretically therefore, an impervious bank, 
its summit above the highest tide-Ievel and its materiall 
lying at their natural slope, will safely withstand the pm-j 
sure of quiescent water. In practice however, these con- 
ditions do not concur : it is scarcely possible to render ■ 
bank perfectly waterproof, the materials composing il 
cannot always be laid at their natural slope, nor is th^ 
water that presses against it ever perfectly quiescent. Hence 
the necessity of artificially increasing its resisting poweTi 
by augmenting its bulk and protecting its surface against 
the wash of tides in their rise and fall, the erosion 01 
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■ts, and the destructive force of waves. Of these 
iagencies, the first is the least and the third the most for- 
pmidable; and their operation is counteracted by increasing 
the thickness of the central portion or body of the bank, 
Eattening tlie slopes and covering their face with clay or 
puddle of some kind, and as it were " ajmour-plating " that 
<;oveTing with material hard and heavy enough to withstand 
the shock of waves and sufficiently tenacious or wel! bonded 

and secured to resist their tearing and scooping action. The 
conditions and extent of the destructive agencies to which 

a, bank is exposed, diffcHng according to circumstances, 
I there is great variety in the particulars of its form and 
I dimensionsj and these we shall now proceed to consider. 

^V Some small banks at several weak points along the neck 
r at Spurn Point ; from 6 to J feet in height, their top from 
I 3 to 4 feet above high-water mark of spring-tides and 4. feet 
6 inches to 6 feet wide, had slopes 4 to i, protected at foot 
by stakes and wattles, and planted with mat-grass {aru/nfij 
armaria), and stood well."' This situation is an exposed 
one. 

Those at Lough Foyle and Morecambe Bay (ante p. 39), 
protected by puddle and pitching, ha.d sea-slopes 2 to 1. 

At Dymchurchj the severest storms between 1837 and 
1847 laid the shingle at a slope of 12 to i j while with a 
slope of B to I the waves were found to wash out every 
particle of sand and sbingJe frgm the interstices of the 
stones. The situation is very exposed. "- 

The banks on The Wash {anie p. 40) had a sea-slope of 
5"T2 to T. They are said to have stood well against very 
heavy seas : the situation may therefore be regarded as an 
exposed one. 
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The bank at Holkham, in a somewJial sheltered situatiOT| 
{ante p. jg), had a sea-slopc of 4 to I for S fcet from ■■■ 
and 5 to I for the remaiDing distance or cess. The i>; 
was 5 feet wide. The land-slope was a to i for 8 feel 
from top, ?nd from thence 3 to 1 down to the level ol 
ground : the land-slope for a portion of the length of tb* 
bank was a to i throughout A breach in this bank wi 
repaired with shingle, laid to a slope of 5 to t on the lair*.* 
side and 1 2 to 1 on the sea side, the latter exactly coinci* 
ing with the slope to which the shingle at Dymchurch w- 
brought by the action of the sea. 

Some dykes were constructed in 1S50 on Sunk Island 
the mouth of the Humber, of alluvium, silty sand, and nt. 
lerial from the foreland, and faced with grass-sods. Tt 
top stood about 4 feet above high-water mark of sprin 
tides. In well-sheltered situations it was 3 feet wide, tl"^*] 
land-slope r to i and sea-slope 3 to i. In the most expos^r^ 
portion (which however may be regarded as partially shel- 
tered) the top was 4 feet wide, the land-slope ij to 1 ; an.^ 
the sea-slope, constructed at 5 to i, was by settlement ant/ 
wave-action brought to 6 to i.*' t 

At the Wexford Harbour ReckmatioD, the dykes vrtV 
6 feet wide at top and iheir crown S feet 6 inches above 
high-water mark of spring-tides. The land-slopes i to i- 
The Eea-slopes were stone-pitched : that of the north hank 
being straight in cross-section, with an inclination of 1-5 to 
1 ; that of the south bank concave in cross-section, its 
chord apparently sloping at i'33 to 1. It is stated that tht 
curved section was adopted with a view of preventing ihe 
waves running up to a height which was there found objec- 
tionable." 

On the coast of Denmark, much diversity exists in theJ 
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l.gtit and slopes of the banks, a. typical 
p^iOBs- section whereof is shown: in Fig. a. 
pThe section adopted is entirely relative to 
IBie extent of the foreland, the position 
^f the dyke, the height of its seat above 
• idinary high-water mark, and its exposure 
CD direct action of the waves and winds: 
■^^en the same dyke has often a different 
action in different parts. In determining 
H»e width of the top and the inclination 
•X the slopes, regard is had not only to 
fie position of the dyke, but also to the 
r*aterials of which it is to be constructed 
:xn/e pp. 39, 45). The width of the top 
s from 8 to 10 feet in the snaaller dykes, 
fKUd from 10 to JO feet in the larger Ones, 
"he width depending mostly upon whether 
it is to serve as a road, which is usually 
the case. The banks are generally seated 
f»t or wholly above ordinary high-water 
■nark ; and the great height to which 
Ihey are carried is owing to the excessive 
Variations of the level to which the water 
BOmetimes rises during strong winds. For 
Exposed situations, with a low foreland, 
fee standard height above ordinary high- 
water mark is 18 feet 6 inches; for ex- 
posed situations with a higher foreland, 
3r for less exposed situations with a low 
orelandi 17 feet 6 inches; for unexposed 
cituations, from 16 feet 6 inches to 14 feet 
£ inches, Generally, the inner slopes 
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ha.ve an iiicliDa.ttOil oT li to i. The sea-slopes va 
considerably: the geDeial type id Schleswig having 
cess or lower slope of from 8 to i, to 15 to i, up to 

height of 10 Or iz ftti above Ordinary high-water mark 
and above that a storm-bank w'ith a slope of 3 to i up t 
the full height of the dyke. The sea-slopes in the Eide; 
and the Elbe (Fig. 3) are sometimes 3 to i ; but in situa. 
tions exposed to the mo of the sea they ace 6 to t or mo: 
according to local circumstances. In those of the dykes o; 
the island of Pelwonn and at several places on the coast 
Holstetn, the lower part of the cess is curved and pttched(j 
as shown in Fig. 3, and this is held to be the best an 
strongest form of construction for slopes not wholly faceil 
with stone. The stone facing is carried up to a height of 
about 4 feet above ordinary high-water mark, and the chord 
of its curve is at a slope of about 3 to i. Where the sea- 
slope is wholly faced with stone, an inclination of 2 or 3 
to I is adopted, and the pitching is carried up iz Or 16 feet 
above ordinary high-water mark. There is reason for believ- 
ing that where any serious breach has occurred in a malo 
dyke in ScWeswig or Holstein, it has rarely been caused by 
direct action of the sea 00 the outward face, but rather 
on the inner slope, the waves rolling over the top and under- 
mining the foot^ 

On the Zeeland coast the dykes, if exposed to the full 
force of the se^, are carried at least 9 feet above the level 
of high storm-tides, or 17 feet 6 inches above ordinary 
high-water mark, leaving about i foot S inches high and dry 
dyke above the wash of the highest waves, which is reclcon- 
td to reach 8 feet 3 inches or S feet 6 inches above the 
highest tide-level. The longer and higher the forelandj the 
Jess can the waves rise against the dyke, for they ha^-e 
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further to ran up and further to run back. If it can possiblj 
be avoided, the Dutch never leave a steep slope exposed tc 
the direct action of the sea : a case is mentioned of a bani 
at Flushing, with a sea-slope of 3-75 tO i, being seriously ia-| 
jured, while (in the same storm) another in an equally expose 
situation but having a sea-slope of i3'3 to i, was scarcelj 
damaged at alL The sea-slope of the Zeeland dykes, whichi 
ate well protected with grass, is Eever steeper than 6 tq i^ 
and where possible is made la to i, and preferably with 
convex face» The inner slope seems to be about 2 to i,*| 
the steepest being 1*75 to i. Caland's rule for the sea- 
slopes of dykes of various heights, to exposed situations, is 
given as follows ; — 
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And for the breadth of the crown, he recommends ha!f the 
height from low-water to high- water of ordinaiy tides." 

That Cahnd's rule as to slopes is not alwa}™ observed !n 
practice, appears from the statement in the foregoing para- 
graph that the Zeeland dykes never have a sea-slope steeper 
than 6 to i — and also from the following particulars re- 
corded by Mr. G. B. W. Jactson, Assoc, Inst. C. E., who 
also assigns to the dykes a less height than that mentioned 
in the beginning of the paragraph. It is probable that the 
latter discrepancy may be accounted-fqr by supposing that 
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the dykes respectively referred-to are very difTerently 

f'tuated as regards exposure to the violence of the sea ;— 
" The dykes . , . are raised tg the level qf i foOt 8 
inches, and 3 feet 3 inches, above the highest tide at the 
equinox i and, if not intended to be used eventually, for 
■the high Toads of that portion of the country, they are from 
3 feet 3 inches to 6 feet 6 inches wide on their summit. 
The angles of the slopes depend on their position, but two 
to one inside, and four to one towards the sea, have been 
frequently adopted." The sea-dyke at Kocgrass near 
Nkuwdiep, whose top is 11 feet 6 inches above ordinary 
high-water mark (Amsterdam standard) and from 9 to 10 
feet wide, has a sea-slope of 4 to i and a land-slope of 
3 to I.*' 



V It will be seen that Mr. J. H. Muller, of the Hague, 
prefers steep slopes, alternated with a cess or bench at 
about the level of high- water, to flat slopes without a cess; 
assigning as a reason, that the best cross-SGctLOn is one in 
which the centre of gravity comes neajest to the bottom 
and JO the toe of the bank. He illustrates his remarks by 
some cross-sections, one or other of which he considers 
will be found available according to special circumstances : — 

tFig. 4 (A) is the section of a bank on salt maish. The 
p of the bank is about 3 feet wide, and 3 or 4 feet above 
level of highest known tide. The inner slope is not greater 
than 1^5 to 1 ; steeper slopes being liable to slip, and not 
presenting sufficient surface for the growth of the grass 
intended for their protection. The outer slope is 3 to t. 
^■Fig. 4 (B) is the section of a bank above the level of 
half-tide. The top of the bank is 4 feet wide and 4 feet 
ive the level of the highest known tide. The inner slope 
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is i's to I. The outer top slope is 3 to i, and octenid 
from the top down to the level of the highest known 
at which point there is a cess 20 feet nide, having a fall 1 

I foot 6 inches or 1 feet. The lower slope is 3 to i. ThJ 
itmer slope and the crown arc covered with a [ayer of da;j 
S inches thick, the upper slope and the cess with a la} 

II inches thick, and the bottom slope inth a layer iS inche 
thick. The outer bottom slope is fuithec protected bf] 
fascine-woik. 

Fig. s is the section of a bank seated below the levdl 
of half-tide, where a. stone protection is proposed to b< 
adopted. The top of the bank is 6 feet wide and should 
be at least 6 feet above the level of the highest known tide. 
The inner slope is i"5 to r. The outer top slope is 4 to i 
and covered half-way up by a wooden or fascine protec- 
tion. The cess is 20 feet wide, and has a fall of 2 feet 
or 3 feet, and the outer lower slope is 5 to i or 6 to i 
according to circumstances, covered with a Stone defenc* 
such as is commonly constructed by the Dutch on Islands 
exposed to the ocean. When the slope is trimmed, a 
layer of clay 12 to 18 inches thick is spread over it and 
sometimes covered with a straw matting. Over this are 
laid one or two courses of bricks, then 6 to 12 inches 
of brickbats, and then stone pitching la to 18 inches thick. 

"It will be observed," he proceeds, "that with a stone 
defence, the slopes are recommended to be flatter, and 
the banks to be higher, than where wood protection is 
employed. In steeper slopes, the rows of stone would 
rest upon one another, and If a wave removed or dis- 
turbed one stone, the removal or displacement of those] 
above it would almost necessarily follow. The bank is 
made higher on account of the flatness of the slope. If'l 
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the rule is adopted, that the shock of the wave tncreasi 
■with the sine of the angle made hy the slope with t! 
horizoQ, the momeDtum remaiDing the same, the amoi 
of force, or intensity, saved by the flatter slope is ei- 
pended in the velocity with which the wave runs up tliej 
slope. But whatever may be the cause, it is certain thi 
waves ascend much higher on flat slopes than on stei 
ones; so that, although the shock may not be so gn 
the protection must be carried up higher. . . . In eS' 
posed situations, an additional width may be given to the 
cess with great advantage. The wave rushes up the slop* 
until it arrives at the cess, when its direction being altered, 
it is checked, and if the cess is sufficiently long, its force is 
almost expended before its direttion is again altered, by the 
upper slope.'"* 

Mr. John Wiggins has laid down some rules for the form 
and dimensions of sea-banks in general, which he regards 
as the best possible, Whether they are so Or not, they 
have been worked out by him with so much care, and witli 
so evident a reliance upon experience, that they ought ni 
to be omitted in a treatise on the subject. 

*' The form and features of the sea-bank," he says, " 
matters of the greatest moment, although its form appeal 
to have been, until lately, but little regarded ; the usui 
form given to them, from the Roman banks in Lincolnshiii 
to those of the Essex marshes, being most generidly a mn 
Eteep mound of earth, which in the latter cases has be« 
defended hy rows of piles, the spaces between those rowi 
Called ' rooms, being filled with chalk or stone, sto' 
closely in, and in some cases fourteen of these rows hai 
been placed tier above tier. But of late years, it has bei 
found that another form, more consonant to nature, 
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better adapted to these sea-defences, and that Instead of: 
steep face, embankments should have a slope in front, 
sembling a. natural sea-beach, and be of sufficient thickm 
and substance to withstand the assaults of the oceaB, w 
they ought to have slope enough in the rear to admit of; 
luxuriant vegetation ; and to effect these objects we pro; 
the threefold bank, of which the diagram [Fig. 6, p. 6i] ii 
section, consisting of— 

" isL T/ie main bank, built to the full height of ordini 
spring tides, which is taken by way of example at lo fett 
It is 20 feet wide at top, and with a slope to sea side, partlj 
of 5 feet base, and partly of 4 feet base, to 1 peipendiculai, 
as the minimum slopes. 

^'and. The outburst bankt % feet high and S feet wideii 
top, and with a slope of but i^^ to i, because this part of 
the bank will have to sustain but a transient stress fiom 
the top of the tide, and this only occasionally. On tHs 
is set 

" 3rd. The swash bank, which, having only to sustain the 
broken tops of the waves, is but 2\ feet bigh and 2^ fea 
wide at the top, though its base is S feet, and should be 
made amply sufficient to prevent any part of the highesl 
seas going over the bank. 

"The construction of this diagram is as follows ; — 

" Having drawn the base line a b, construct the cu 
and C VI; draw a Z, 5 base to i perpendicular. Set 
6 feet from the top of the cube d towards the base line, 
the high-tide wave. Draw the line ds, intersecting ad 
Draw a s and s m and A h, and this completes the jnainba 
with the double cubes of its height backed by a half-ci 
besides the front with a base of 4 to 1, the gravel footi 
bringing it 5 to i. For the other proportions construct the 
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ubes e and /, and draw m c", also g and g h, giving ample 
\t 'W'eight, substance, and slope to the bank for ordinary cases. 
\t. " The rationale of this construction will appear as we go 
^ ^ on, but its outlines are these. The cubes rfaod cm, with 
t the half-cube f^, are considered to be very ample for the 
te~ body of the main bank, which is 20 feet wide at top. The 
(1 slope of 5 to I is lessened at m, to 4 to i, in order to afford 
; a greater base for the upper bank, and because the space 
il from wi to J is Stone-faced, that space being 6 feetperpen- 
\ dicular from the top of the main bank, which is considered 
the usual height of great waves near the shore. The 
gravelled footing is on the slope of 5 to i, and is not stone- 
faced, because the sea. has not acquired much force at that 
height of tide. This completes the main bank. T^t oui- 
iiurst and swotfi banks are drawn with a narrow apex in 
order to give as much slope as possible to the Udc m tf, but 
where the soil is tenacious, this line may retire stilt more, 
and the line^^ may be steeper. 

" The essential features of the bank recommended in 
section A are the following : — 

" a i it the leat of the bank, or base £ ii tlia top. 

Oti whicli LLstandfl. A Li the bark, 

ac" latbeslope. ■' jq. tho delpli. 

« e* t" ii the liWelit. it is. tliB fotelan J. 

rfB_/" iithe tbickiiegi. / U a gravelled footiDj on both 
j" Mtb«f.^dBe, sides. 

" On each of which features some observations of im- 
portance may be made. 

" The general /tfrm of a bank is required to be such as to 
receive the wave easily, j.^?. without any great concussion, 
or with the least degree of concussion; such as may enable 
the top of the wave at its highest range to mn along the top 
of the bank, without meeting with any great resistance or 
sudden check, and such that if the wave should even lop 
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the bant, and the swash go over the back of the bs 
may oot cut away the soil to any daogerous extent. 

"The form given ... in section A, is thoug!il| 
be such as fulfils all these conditions; and the hoB 
in front is considered to be such as tq reduce the forrti 
the wave when it arrives there, which can only happenj 
great outbursts of the sea, or when the wave is raised ' 
the wind far above its ordinary height, because the hoik 
only commences at a point just below the height of eqifrj 
noctia] spring tides, i,e. the utmost height of the bodyi 
the tide, the wave above that being but transient, ani ' 
making only a temporary, though it may be a powerful, iw- 1 
pressioa on the upper part of the bank. 

" The width of the seat or base of the bank should be 
regulated by the amount of adhesiveness in the mateiiil 
upon which it is placed, and of which it is built, becauscit 
is necessary , , , tdt guard against any escape of tlloS 
materials from the drawing out or suction of the sand, b]f 
the reflux of the wave, or by the soakage of water 
the bank- 

"The width therefore of the seat or base must be 
as to throw the sea as far distant as possible from the sand) 
material, which being prone to run away in minute particle 
when dry, and to melt like soft sugar when wetj and beins 
equally prone in both states to escape particle by particle 
through the smallest aperttire, and with a vety small dc 
clivity, must be kept as much as possible in an undisturba 
state. This however is by no means easy, since the wave 
will be sure to find apertures too minute lo be readily dis 
cemible, wherein the sands will Steal away both in the dr] 
and wet state. Small animals also will burrow in the sant 
from both sides of the bank, and the apertures thus for 



iU enlarge by degrees, and 
ay become dangerous before 
Viey are obsen''ed. Such 
sidious apertures are very 
a-pt to take place amongst and 
l>eIow the stone facing of 
tanlts, and should therefore 
"be carefully guarded against, 
"Sut afterall they will inevitably 
happen, and the only sure 
Bafeguard is such a wade base 
Or seat as may give the bank 
substance enough to adrai^t of 
rather more than slight aper- 
tures and channels without 
endangering its safety. This 
substance cannot be given 
without width of seat, which 
is therefore an irapor ta nt 
feature of a sea-bank. 

" The proper width for the 
base or seat of a sea-bank 
will, however, depend much 
ou its other ditnensiotis ; but 
independently of these, it will 
be necessary to consider the 
state of the soil on which 
the line of bank is proposed, 
and to ascertain whether it be 
a sound clay or a loose sand ; 
whether of uniform and firm 
texture, or interspersed with 
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soft watery spots ; whether likely to sustain the weight 
bank, or to yield to its pressure, and spread on each 
whether such as to remain impeivipus to water, or 
admits its percoiatioD^ however slowly, from seaward 
landward ; — in short, whether the foundation on which 
proposed bank is to rest be firm or otherwise, ti. compad 
or pOTOUs ; for according aS it may be one or the Other, ffl' 
moist be the width of the seat or base of the bank, whatoa 
its weight, height, or thickness. 

"This width of seat maybe increased, in fact, with 
adding to the bulk of the bank, by means of a gravel 
footing or beach in front, and if this gravelled footing i 
also used as a road, either during the building of the banlt 
or afterwards, or bothj it will add much to the cons-olidatioa 
of the materials, and to the prevention of percolation. If|, 
again, another such road was used on the inside of 
t>aiik, it would also be productive of the same betkefit as 3 
wider seat to the bank or sea-wall. 

" The slifpg of the bank to the seaward is one of its prin- 
cipal features of strength and safety. A steep bank enablts 
the wave to strike it with great force, and ultimately to 
batter it down, or greatly to reduce its substance, by means 
of those violent or continuous assaults which the power of 
the ocean often, exercises. In all such cases, the safest plan 
is to follow nature as far as possible. 

"The slope of the bank, therefore, should be as similar 
to a natural beach as all the other considerations will admit. 
This, however, will depend on the nature of the material r^ 
thus, we may assume for argument, that a loose sandy beacli 
will probably slope itself lo base to i perpendicular; aoi 
a living rock will be brought by the action of the sea W 
nearly a perpeudicular> according to its hardness. There- 
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c best line seems to be the tnedlura between the two 
■ictrerae lines taken in nature, viz. the nearly perpendicular 
Bmx, and the slope of 10 base to i perpendicular, that is, 
[ to I. This, therefore, may be taken as the best slope 
list can be given to any se^-bank , that mOrC ii generally 
Unnecessary, and less insufficient in exposed situations; 
but that (Ais slope need not extend, in ordinary cases, 
beyond the height of the ordinary spring tides, when 
another kind of bank may commence, which having oaty to 
sustain occasional and transient outbursts of the ^ea, may 
have only such a slope as the material will admit. A slope 
of nearly 5 to i in front also lessens the necessity for t/iitrk' 
ness at top of the bank ; besides the veiy important con- 
sideration) arising from the compression of the earthy matter 
jof the bank, by the weight of water upon its face, the 
idegree of such compressiont and consequent increase of 
strength of the bank, being in direct proportion to the degree 
of slope, 

" This slope also admits of the easy flow of the sea up 
land along the inclined plane of the face of the bank ; since 
if stone-faced where the chief stress lies, the waves run 
harmlessly along the whole face or slope without striking the 
bank as they would if it were steeper. The stone facing is 
necessary, for without this a greater substance of bank will 
be requisite, tliough strong clay, with a stone footing only, 
might perhaps be trusted with a slope of 5 to 1, in conside- 
ration of its adhesiveness when well covered with suitable 
vegetation. 

*' But it is expedient also to consider the bank and its 
slope in three portions, viz.— that from the base to the line 
of spring tides, which we shall call the main bank ; that next 
above, which is to guard against eyHTS.oxAi'o.s.'cy outbursts ^ and 



64 



RECLAMATION OF LAND. 



that which is only to sustain the swash or spray of W 
waves ; aud to construct the bank as shown in the preced- 
ing diagram A, in which the slope a t:' is 5 to i of 
height, c<^, to which the ordinary spring tides rise, 
height is here set out at 10 feet^ and the seaward base aX 
feet, which gives a slope almost equal to that of a nal 
sea-beach on a shingly shore, and greater than that of 
shore of large loose boulders. 

" The whole seaward slope being thus divided in 
diagram A into three portions of different inclinations, e! 
dip considerably and variously from the hypothenusal lit! 
of the whole height ac", and this dip in the surface of tit 
front of the bank, which in practice will be worked intoi 
curve, 13 thought preferable to the straight hne a c'\ because 
the wave impelled by wind will be less likely to roll over 
the top of the bank, since the hollow will expend part of 
its force, and give it a tendency upwards or back again 
into the sea, whereas the inclined plane will encourage in 
onward tendency, and enable it to continue under the same 
impulse till it roll over the bank. 

" The heighi of a sea-bank up to its outburst line and 
exclusive of the swash bank must depend on two conditions, 
viz. the rise of tide in the particular locaJity, and the heigbL 
to which the greatest outbursts of the sea have ever reached. 
It is indeed the last-named point that must regulate tlie 
total height of the bank, though other points may govern 
the height of stone facing in land-locked cases. Some 
marks must be ascertained on the land by the testimony ol 
old people, up to which some outbuist of the sea ^ojatany 
time arrived : the greater number of such marks that cm 
be Spoken to the better, and the more they agree in liori- 
Zcontal level upon the land the better; but the highest luu^sl 
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be taken, even if it sJiould not be very weH auth en heated . 

It is sufficient if there be a possibility of the sea having 

ever flowed so high ; and when it is considered how much 

the wind forces up the water on the side against which it 

presses, its flow on that side will occasionaUy reach heightii 

almost incredible ; but whatever that height may be, it 

must regulate that of the bank, which must be not less 

than 2 feet above the height 01' such outbursts in land-locked 

and sheltered situations, and not less than 3 feet above it >n 

exposed situations, and such as have a long sea-reach in 

front, so as to occasion a heavy swell on the bank. No 

escape f[om these conditions as to the height of the bank 

can prudently be attempted. It is in vain to conclude, thut 

as the sea has only been known to reach such a height 

once or twice in the tnetnoiy of man, it may never reach that 

height again, or at least that the chances are against its 

reaching that height: again, before the embanking parties 

have effected their purpose. Such a conclusion will be an 

infriogenient of bi?na-jhi€ dealing as regards others, and a 

self-delusion as regards the adventurers. The rules laid 

down for the height of the bank are imperative, and cannot 

be neglected with impunity ; nay, it will be ultimate economy 

rather to exceed than to fall short of them. 

" It is therefore of the utmost importance to determine 
accurately the three points of height before mentioned, viz. 
that of the ordinary springs, that of equinoctial springs, 
and of extraordinary outbursts, and to provide weight, 
sirengih, and height of bnnk accordingly, not forgetting the 
swash of the wave at the top of the highest tide. 

" In the diagram [page 61], the height of the bank up to 
the point of the highest ordinary springs is assumed at 10 
feet, which is, in fact, a considerable 
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bank, and grea'er than is generally found to have 
hitherto adopted in Che inlates of Essex, on which COi 
these ba^nks aie more frequent and e&tenKive than on asf 
other, as 210 miks of them may be measured on ik 
Ordnance Map : of these the author had the raanagemci 
of a considerable portion for many years, exposed to botl 
lerous seas. The equinoctial springs and outburst hank 
assumed at 5 feet above this 10 feet, which, being half 
height of the main baok, will in general cases be found 
stifficjent ; but in the case of very exposed situations, and 
such as have a great weight of sea on them, or where pre- 
vailing winds raise the wave and drive it slanting on the 
bault, the outburst and swash banks together should ap- 
proach the height of the main bank, — subject, however, w 
the ascertainment of actual heights of flow of tide, Ai 
before mentioned. 

"The proper //HVitwjj of the main bank is the double 
cube of its height, supported by a half-cube at Ihe back, 
and the slope in front for that division of the height, viz., 
ordinary springs, which we tenn the mam hank. The eq 
noctia] springs ^MAouibunts, and the stvash, may diraini 
to one cube and a half or less. At each of these respecti' 
heights the tide exerts a peculiar force, which, though fessei 
ing as the height advances, requires a proportionate resist 
ance ; and a double cube of the height of each division, or 
nearly so, backed by a half-cube, seems to olTfer that resist' 
ance in the most complete maoiiier, since it atTords ll 
requisite degree of weight, and also places that weight in 
Ihe most efficieiit form, besides securing that degree of 
economy which is so essential an ingredient in such wotlis. 

"The double cubes d, th, and the triangular half-cubes 
the back thereof, the cube and rectangular half-cube f w 
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Tts triangular half-cube h, and the cube / with its triaogular 
half cube, are the several stages of thickness or bulk which 
we assign to a well-constructed bank, over and above the 
frontage forming the slope, and till? for the following 
reasons. 

" It has been previously shown that the weight of mate- 
rials comprised in the triangle ac^, together with the half- 
cube hi>, are more than equal, under any circumstances, to 
the resistance of the water opposed to it. The like holds 
good of the triangle a, c", b; but the whole height of the 
bank in the diagram is ijf feet, and except in open sea, 
waves seldom, if ever, rise to more than 6 feet, or, in other 
words, the sea in other situations than open ocean is seldom, 
if ever, agitated to more than that depth from its surface. 
We are, therefore, not called upon to provide for the fuU 
effect of the weight of this depth of water, but, in fact, only 
for 6 feet of it j since, if we supposed 6 feet in depth of 
water to exert its fiitl force above the line tf, and upon the 
face /\ it would strike witli 2 force of 6,894 lbs., and be 
resisted by a force of 34.^750 lbs.; the one being as the 
A s m, and one-fifth more, and the other as the solid con- 
tents of the whole 6 feet in height above d. Taking also 
each distinct height of bank separately, it is clear by in- 
spection of the diagram, that each division contains a 
sectional area over and above that of the mass of water 
which will be exerted against it ; and that this excess 
amounts in the main bank to double the cube d, and in the 
outburst bank to once and a half the cube e. It may, there- 
fore, be safely concluded that this feature of thickness in 
the diagram gives a bank of weight and strength fully suffi- 
cient to withstand the heaviest seas, especially if a central 
nucleus be worked up with well-iammed earth. In some 
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cases, where thtftrliiity or the locality render the subjecioi 
embankinent sufficiently valuable, it might answer welH) 
take up from the foundation a /»/ wall of gravelly eai4 1 
well rammed into a.cassoen orframe, the latter to be remoiwi 
when filled. We have seen such pis^ walls, when justi 
finished, allow of windows being cut in them, and the og- 
bedded flints were cut in halves rather than separate hoaj 
the mass." 

" The tap ot apex of the bank is a feature of which tls i 
only question is the width of it, and this must depend! 
greatly on the nature of the material with which the bank i 
is builL If topped with stone, the narrower the better, w] 
prevent a footpath or the tread of cattle, which mLght dis- 
place the stones, and then it might be brought up toil 
sharp edge. If the material of the bank, be clay, two or i 
three feet of width at the extreme tqp will suffice when swardfll 
over. The width given in the diagram of 2\ feet at tlic 
extreme height is sufficiency because the sea-defence of tkil i 
bank does indeed stop at the second or outbm-st heightj 
where it is five feet broad, the barikkl above that being ■onl)' i 
added to prevent the swash going over, and as a guaid 
against any very extraordinary but transient outbreak . . . j 
and the width at top of it may be proportioned to the] 
height of the bank by adopting the proportions of the dia- 
gram, viz. half the height of the main bank for the outburst , 
bank, and half the height of the outburst bank for the swash 
bank, which, however, should always be kept up by lepain, 
as the shrinking of the newly deposited materials, and the 
washings of the rains or tides, may reduce its width or] 
height, 

"But if the material of the bank be sand or sandy earth, 
the width of the lop must be greater, and the [sea-]s]opc 1 
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and the slope at back greater also. This extension of 
width must be proportioned to the looseness and want of 
weight or cohesion of the sandy material, and even then 
care must be taken to cover its surface with vegetation as 
soon as possible. In ordinary cases, however, where the 
width of the top of the bank is required to be greatei than 
in the diagram, say 4 feet, such width may be given by the 
addition of the space at «, without destroying the proper 
slope of the back of the bank. 

" The back of the bank will require not only such a slope 
as will enable the material to stand well, but also such as will 
admit of a good and firmly established vegetation, and this 
degree of slope will depend much upon the material of the 
bank. Good potiderotis adhesive earth will stand we!l at a 
slope of 1 to I, or less, and the slopes of the back of the 
bank in the diagram are so, of each of the three thick- 
nesses, and this is a good and sufficient slope for any earthy- 
material that is likely to be employed in the construction 
of a sea-bank, and upon this slope vegetation is sure to 
prosper. The sea-banks of silty sand on the coast of Flint- 
shire are sown with lucerne, . . . For ordinary localities, 
however, it may be as well to secure the surface of the back 
of the bank as early as possible with ray grass, couch grass,, 
and such strongly rooted grasses, and maritime or brackish 
plants, 35 can best be obtained on the peculiar soil, since it 
is first on the back of the bank that any impression is made 
by an accidental overflow of the tide. This part once 
giving way, the bank is eaten away by the overfall of the 
wave from back to front, by a process called ' pecking ' by 
sea-wallers ; the sea then breaks in, and a 'breach ' ensues. 
The safety of the bank, therefore, much depends upon the 
security of its back." " 
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Some observarions by Mr. John Scott Russell, on 
waves, have an important tearing upon the question o( 
slopes. There generally exist, he says, two or more kinds 
of waves in the sea: one kind, which he terms waves oi 
the second order {the immediate effect of the existing loal 
wind)r short, high, and superficial ; the other, elsewhere hj 
him called waves of the first order — also known by the 
name of ground swell (the result of some previous wind or 
storm), long and low, their effect extendingto a considerable 
depth. He has never noticed a wave ehd much as ten feet 
high in ten feet of water, nor so much as twenty feet high 
in twenty feet of water, though he has seen waves approadi 
very nearly to those limits. He gives a table of the lengths, 
periods, and velocities of waves, as an assistance in calcu- 
lating the force to which sea-wprks are likely to be expose(3 ; 
and some diagrams showing the behaviour of waves on 
meeting various forms of shoie or sea-bank,""' from which 
Fig. 7 has been cOltipiled. He points out, that if a wavt 
expends its force in breaking upon one point of any woik, it 
injures [or at least has a tendency to injure] that part ; and 
the object of the Engineer is to allow the wave to act where 
it can do the least harm, and afterwards expend its force 
over the whole surface instead of at one point. Fig. j (Aj 
is the section of a moderately steep slope having a vertical 
wall at top and a convex curve at foot; the slope may be 
flatter and the foot steeper, but the curve is recommendtd 
to be parabolic. The curved foot deflects the water up- 
wards, causing the wave to break almost immediately upon 
reaching the slope : it continues to break until it reaches the 
vertical wall, which it strikes, and is then thrown back.— If 
now we imagine, instead of a vertical wall, a ceSS with a 
flat sLupe as shown bj^ the liae CD, it is evident that the 



tHer progress of the 
ave will resemble that 
own in, Fig. 7 (B)^ 
presenting the brcalt- 
,g of waves on the 
,tural slope of a sea- 
ach ; and we have 
nly to conceive the 
opes from E to D and 
oiQ H to J to be steep- 
ed as shown at E F 
,nd H K, tQ see that by 
he time the wave has 
icended the latter it will 
have expended nearly 
the whote of its destnic- 
j tive force. 

^B d) Coustruotion. — 

^^¥'aEctne- works of various 

I kinds being much used 

in embanking, we shall 

have frequent occasion, 

f to mention them; and 

it win be convenient to 

give some description of 

them before dealing with 

j the construction of the 

bank itself. 

Mr W. H, Wheeler, 
M, Inst. C. E,, states 
that fascines used in 
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the Fen districts are made of thorn* cut from the hedges, 
tied in bundles wiih tarred mpe, their Tnaximum length 
heing 6 feet and their giith 3 feet. Coat per 120 delivered 
at any accessible place on the river-side, 14s. 6d. Cotivejinj 
by boat from the place of delivery to the work, including 
loading and unloading, 43. per six score.^' It docs not 
appear that the several fascines are bound together for restl- 
rnent and training work, their thorny branches entangling 
atid interlocliing so as to focm a suj^cient bond. 

Those employed in Holland are generally brushwood of 
willow; but ash, alder, aspen, oalc, and hazeJ are also used. 
They are from lo feet to 11 feet 6 inches long, 17 inches in 
girth at the thick end and 14 inches at the other. These 
faggots form the basis of atl fascine operations, and their 
cost is frona 5s, to 7s. per hundred. Fascines under water 
are chiefly used in the form of what in English is tenned 
mdifferentty "mattress" or "cradle"; and Mr. T. C. 
Watson, M. Inst. C E., has so clearly described their cqq- 
structionj that his account may with advantage be here 
reproduced almost verbatim. 

The first requisites for a raattress are the ropes of fascines 
(Fig. 8), which form a network above and below the mat- 
tress, and are constructed as follows :— Two stakes are 
driven into the ground about 2 feet 6 mches: apart, to which 
is secured a cross stick about 2 feet 3 inches above the 
ground. A series of these framesp about s feet apart, is 
erected, the number being dependent on the size of tTie 
mattress and consequent length of the rope. The stage 
being ready, those bundles or fascines which have most 
branches and twigs are opened and the contents placed on 
the cross slicks of the stage, the brushwood heing drawn 
out lengthwise so that each bundle overlaps and bonds well 



THE BANK, 




74 



RECLAMATION OF LAND. 



into the next. They are laid of such thickness that, oi 
being bound round in the form of a rope, the girth is 
17 inches. When the full length for one rope has been laid 
out, it is tied at intervals of about 16 inches with osier 
bands lightly twisted, their ends tucked under like a Taggcil 
band. Lighter intermediate bands are then put on about 
4 inches apart, and the rope is ready. The ropes are now 
laid out On the ground In parallel rows 2 feet 6 inches to 
3 feet 3 inches apart, to the full width of the proposed mat- 
tress. These are crossed by a second layer at right-angles 
to the first, thus forming a network the exact size of- the 
projected mattress, with meshes 2 feet 6 inches to 3 f^t 

3 inches square. 

The site for malting the mattress should be between high 
and low water mark, fpr convenience of subsequent float- 
ing ; it is, however, frequently prepared on the surface of 
the water [but this method is much less ooavenient than 
that of working on the ground, and probably is resorted-to 
only when circumstances render the latter impossible]. 
Every alternate crossing of the fascine-ropes is securely tied 
with J-inch tarred rope, the ends of which are left about 

4 feet long and teniporaiily secured to Stakes thrust verti- 
cally into the rope. The other crossings are secured by 
bands of withe. The crossings on the two external rows 
are getieraUy lashed with rope. 

The lower network, being now complete, is covered wilh a 
layer of fascines one bundle thick ; a second course is laid 
across the lower one, and a third at right-angles to the 
second, the three layers being together about 18 inches 
thick. A corresponding network of fascine-ropes is next 
laid on, and fastened to the lower by the rope ends de 
scribed as being left over. 
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Mattresses are much employed in Holland as a foil n da- 
lion for the bank where the ground is soft or yielding. 
fWhen the seat of the bank is below low-water mark, the 
lattress for this purpose ha:S tO be floated out and sUnk 
its destined place. In order to sink and hold it, it is 
loaded with stones. To prevent these rolling to one side 
in sinking, or on a sloping bottom, the upper surface of the 
mattress is divided into rectangular cells, in the following 
manner: — Stakes are driven into the crossings of the fascine- 
ropes and all round the edge of the mattress ; between, 
these, wattles are interwoven, three sticks together. When 
the wattled work is about 7 to g inches high, the stakes are 
driven down into the mattress, the tops remaining about 6 
inches above the wattles, and the cells thus formed not only- 
serve to retain the ballast in place, but add greatly to the 
strength of the mattress. 

The position of the mooring' posts, by which the mattress 
is towed to its destination and held by cables and anchoiB 
before sinking, is decided on when the lower grillage is being 
formed, and always at a crossing. The fascine-ropes are 
there worked much thicker, and securely botmd with tarred 
cord on each side of the crossing as well as to the upper 
grillage. A large and heavy stake is now driven through 
the mattress and stayed by gix or seven Others radiating from 
it in a sloping direction. The posts thus secured cannot 
give way without tearing the mattress. The mooring cables 
are turned two or three times round the posts, so as to be 
easily cast off when the mattress is sunk. 

The mattress is now towed to its place and loaded with 
stone so as just to Boat. Anchors are placed on all sidts, 
their number dependent on the velocity of the current, the 
time chosen being about half an hour before the turn of the 
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tide. Barges of from ro to 15 tons burden, loaded with 
stone, are secured to the edges of the mattress by ropes 
(marked " sinking-line " on Fig. 8) nrnning under ihs 
fascine-ropes of the grillage, both ends being fast on boaid 
the barge j other vessels, with fresh supplies of stone, being 
kept in reserve outside. The ballast is first carried by men 
(standing on the mattress) towards the centre pockets, and 
worked towards the outer edges. When the mattress begins 
to sink in the centre, and the strain on the sinking-lines 
becomes severe, a halt is called for a few minutes, while the 
crews of the barges pile up their remaining cargo on the 
planksheer of the vessel towards the mattress- This weight, 
with the tension on the sinking-lines, gives the barges a 
considerable list ; but being stout and of great beam they 
stand it. At a given signal, every captain stands by the 
sinking-line ; and at a second signa.1, aI] the lines are let go 
simultaneously, the crews throwing out the stone as rapidly 
as possible, to keep down the outer edges of the mattress, 
which otherwise might be turned and rolled up by the current. 
The vessels meet near the centre of the mattress, whicb 
now lies on the bottom ; and the ballasting proceeds untU a 
load of about 34 cwt. to 7 cwt. per square yard has been 
deposited as evenly as possible over the whole surface. 

Smaller mattresses are employed for building-up the faces 
of the bank, and are made and sunk in the same manner. 
Mattresses in foundation are laid so as to Overlap each Other 
lengthwise about 3 feet 3 inches ; and, wherever used, care is 
always taken that the joints of a course below are covered by 
the course above. Although they will not wholly prevent the 
bank from sinking in soft ground, this takes place regularly 
and gradually : there is however a possibilily of the mat- 
tress being too weak to carry the weight of the bank in the 
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ntre of its cross-section, and in consequence being torn 

'Under longitudinally. When lliis happens, there IS nothing 
be done £.a,ve to add muteml until a. solid bottom is 
cached. In some cases, where the bottom is fimi, as on 

nd, and the bank much exposed only od one side, mat- 
tressing is not used over the whole width, but only for 
building-up the outer side to prevent the stuff forming the 
body of the bank from being washed away during construc- 
tiqn." 

The cost of mattresses depends much upon local facilities 
for procuring materials, but may be approximately estimated 
at from ^.s. to 5s. per Square yard : tt is reckoned that twenty 
men will coDSlruct a mattress 200 feet X Oo feet in four 
days. The sinkingj if all goes well, occupies about tsvo 
hours; but the time and labour required for this operation 
are wholly regulated by the circumstances of the case, and 
these are variable to so gre&t a degree that no reiiaible 
estimate can be framed to apply to all cases. 

Willow mattressing is said by Mr. W. H. Wheeler, 
in his account of the groynes at Scheyeningen, to last 
not longer than about twenty years.^ Groynes, how- 
ever, arc exposed to alternations of wet and dry, which 
may perhaps shonen the dnrarion of the mattressing. More- 
over, in the case of a bank, it is not unreasonable to expect 
that in the course of twenty years the work will be so settled 
that its stability would not be affected even by the decay 
of the mattress : there does not appear to be any record of 
its needing renewal, noc of injury to a bank owing to such 
a cause. 

Mattresses are employed in the United States chiefly as a 
protection to river- banks, especially on the Mississippi, 
The mode of their constraction differs in many respects 
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from European practice, canes and sapllogs being 
along with brushwood, and wire and even steel cables foi 
binding the fabric They are frequently put togettier on 
specially-built barges with sloping platforms for convenience 
of launching. Thetr dimensions are occasionally enormous ; 
meniion is made of some ineisurlng from laaS x 151 feet 
101750 X 175 feet, and of one 2010 x 175 feet or upwards 1 
of 8 acres in extent." Those employed in Europeaaj 
practice for sea-works are smaller, their dimensions usually] 
not exceeding from 164 x 92 feet to 197 x 78 feet, or jtj 
little over 15,000 superficial feet; one sunk in 1856, neaij 
Flushing, measured an acre. 

Fascine-wcrk for protection of slopes above low-water, in 
Holland is thus made ; — Reeds are laid horizontally along 
the line of bank to a thickness of i inch ; at righC-aogkB 
across these are laid faggots, 5 or 6 inches in middle 
diameter, theit thinner end pointing up the slope, forming 
horizontal layers along the line of bank, the thick end of| 
the faggots in each layer overlapping the thin end of those 
in the layer below. Through these, at intervals of 14 inches, 
are driveo stakes about 4 feet long, forming rows parallel to 
the line of bank and from 16 inches to z feet apart. The 
heads of the slakes are left 8 inches above the faggots, and 
are bound together with watdes after the manner of hurdle 
work. When this wattling is complete, it is driven down 
with a mallet onto the fascines, and a peg or key is fixed 
through the head of every fourth or fifth stake to prevent M 
the wattles from lifting. If the proper sort qf wood is used, \ 
this protection will last from five to seven years, and is 
quite able to resist the action of the tide. In English prac- 
tice each layer recedes by about 12 or iS inches from thf 
one below it, forming steps ; and when the layers are hori- 
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iontal the work is termed "rise-heading " ; when the fascines 
lie horizoatal and the k/ers up and down the slope it is 
termed " arming." The protection is the strangest of all 
temporary ones. So effective is it, in fact, as to be not un- 
frequently treated as a permanent form though periodically 
needing repair and partial renewal. It is sometimes loaJed 
with stone filled in and firmly wedged between the rows of 
stakes, 8^ cwt, to the square yard. In England it Is Said 
to last three or four years ; and the cost without stone may 
be taken at about is. 6d. pet square yard. 

In Denmark, the arrangement is somewhat different from 
either of the foregoing. The fascines, about to feet long 
and J feel in middle girth, are laid side by side about i fool 
6 inches apart, their length lying up and down the slope ; the 
brushwood conDposing them 15 then spread Out, making a 
continuous layer 6 inches thick. Obliquely across this are 
laid fascine-bands, i foot 6 inches apart, fixed by stakes 
driven into the bank, and the intervening spaces packed 
with stone. For securing the foot of a bank, fastines, 
their iuner ends sunk in the bank and jncitQing downwards, 
are placed cbse together side by side, and secured by 
stakes driven through into the bank. The tops of the 
stakes project S or 9 inches and are wattled together, and 
each layer is covered with broken stone. Upon the first 
layer another is similarly laid and secured, the outer end 
retiring : it is customary to place four or five layers, giving 
a height of 6 or 8 feet. The steps formed by the layers, 
are packed with stone." This forms an excellent toe- 
protection, and is illustrated in Fig. 9. It is to be noted 
that, in order to avoid needless repetition, the foregoing 
descriptions of fascine-work include an account of that used 
for constructive purposes and for permanent as well as 
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temporary protection. For permanent protection of other 
descriptions see infra pp. 120-131. 

Where reeds are easily procurable, they fomi a useful 
temporary protective covering for slopes likely to be covered 
by only a few extraordinary high floods. The reeds are ail 
while green, laid to a thickness of 4 incheSj and secured by 
long pegs wattled together. It is said to last about a, year, 
and to cost about 6d. or yd. per square yard. 

The application of straw as a protection, has no univer- 
sally-recognized name in English. " Straw thatching " best 
explains the nature of the thing ; but as it is also variously 
termed " straw band," " straw mat," " cramp mac," &c., we 
shall employ the Dutch term " Icrammal," comprehending 
as it does all these several names. It is used qij slopes and 
terms above low-watei level where the wash is not great 
Wheat or rye straw is combed-out straight, and spread 
closely over the surface (its direction up and down the 
slopesj sometimes diagonally) in a layer of from i to 3 inches 
tbicls. This is kept in place by well-twisted straw bands 
about 4 inches in girth, laid at right-angles to the straw, a 
loop or bight of the band being thrust 6 or 8 inches down 
into the bank at intervals of about 6 inches. Sometimes the 
bauds are pinned down with strong forked pegs or twigs. 
The straw bands are laid about 2 feet apart. This form of 
protection, although possessing some disadvantages, par- 
ticularly as regards durability, is considered most generally 
advantageous by reason of the rapidi^ with which it can be 
applied and its cheapness. It is used under urgent circum- 
stances, where loss of timie would mean risk of damage to 
the work, as for example during construclion, or before the 
surface is grass-clad ; and also where fresh earth has been 
used for repairs. It costs about a^d. or 3d. per square yard, 
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and will last from 
^ to iz months. 
In Hoistein, straw 
protection is de- 
scribed as being 
made thus ; — The 
mea employed 
kneel with their 
"backs to the sea, 
having beside 
them bundles of 
straw, of which 
they ma.ke ropes 
An itich Or two in 
thickness. When 
they have made 
one about a foot 
long, they press 
the niiddle part of 
it into the soil of 
the bank to the 
depth of several 
inches with a kind 
of forked chisel, 
the two points of 
which prevent the 
rOpe from opening 
while pressed 
down by the fiat 
part between 
thetn. With that 
end of the rope 
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which rernains ouU they interweave fresh straw, and when 
it is sufficiently lengthened they again press it down into 
the bank at a distance of 5 or 6 inches from the former 
place. This work is carried oq all along the bank from the 
top to the bottom, each new rope hein^ laid close to diE 
preceding as regularly as in a beehive. The grass soon 
springs up between the straw ropes, and after a. while entirely 
conceals them.'* 

Mr. Wiggins mentions some other materials as being 
suitable for temporary protection. *' The refuse of flax/' 
he ?;ays, " would also doubtless suffice for a time to prevent 
the abrasion of the soil by the waves, and so would rushes 
or flags. Any kind of linen or coarse woven fabric, stidi 
as hop-bagging or the like, would doubtless temporarily 
protect the soil from further damage, where the turiy cover- 
ing might be torn up, and so would wads of sea weed* 
These latter indeed are much relied on for the sea-banks of 
the islets oear Portsmouth," " Sea-weed, weighted with 
stone or otherwise secured, has been employed in Denm^rl:, 
and its use has been strongly recommended by a Danish 
Dyke- Inspector. Gunny-bagging may also be added to ihe 
list of useful materials for protective purposes. 

Permanent protection will be treated - of later on. 
Some of the foregoing methods are suitable for that as well 
as for temporary purposes, and in order to save repetition 
have been in this place described because they beloDg to 
the general class of fascine-work, straw-work, and the like. 
With reference to all methods of surface-protection, how- 
ever, whether temporary or otherwise, it is to be observed 
that none save the throwing-in of rubble or similar material 
to find its own slope and take its chance of remaining, Is in 
practice available for places more than a very small depth 
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lelow the lowest tide level, since they cannot be applied at 
-any considerable depth without cotfer-damm ing or other 
tpensive means of laying dry the Surface. 

The construction of a bank seated below low-water 
ark proceeds in general as follows. If the bottom is 
eak, a layer of mattresses is first put down, as already 
described. Upon this — or upon the ground itself if 
satisfactory and firm — are raised two longitudinal batiks 
if narrower mattresses, one on the land side and the other 
on the sea side, at such a distance apart as to be just lu- 
ctuded within the width of the bank, each successive layer 
retiring inwards from the one below. As fast as these are 
sunk in position and weighted down, the hearting of the 
bank is fiUed-in between them. When the bank is thus 
brought up to near the level of low- water, the work pro- 
ceeds in much the same manner as if the seat were at that 
level. Banks have been thus constructed in a depth of as 
much as 27 feet of water, and with such success that even 
hen the hearting was chiefly sand none was washed 
away. The foot of the bank, and the slopes below 
low-water, should be fortified with, rubble stone tipped in 
sufficient quantity to repose at its natural slope. In some 
cases, where the bank is not much exposed 00 one side, 
only one lateral darn is needed to prevent the stuff forming 
the hearting or body of the bank frqm being washed away 
during construction. 

The objection to fascine-work thus executed below tow- 
water level is its slowness, since the mattresses can be 
sunk only during calm weather and at or about low-water. 
And the durability of fascines so employed seems to be as 
et an. open question. For these reasons, as well as 
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for those given ac pp. 28, sg, it is probable that only 
under special circumstances will a bank be so seated : die 
method of proceeding ia its constructtcm is, however, givoi 
ia order to meet such cases, 



In the case of a bank seated above low-water mark, it 
has to be decided where and of what width the openings 
for influx and efflux of tide during construction are to be. If 
the site is intersected by a stream or streams of land-water 
(as distinguished from creets and rills of tidal water alon«), 
these have to be dealt-with in a special manner, and their 
discharge provided for^ as hereafter described at pp. 132-139. 
If there are no such streams, or if they cannot be so 
dealt-with as to be utilised for the ebb and flow of the tidCf 
openings must be left in the bank for that purpose. The 
width requisite for these openings is a matter of high im- 
portanccj because the difficulties of construction occasioned 
by the tide do not necessarily increase with the size of the 
area to be reclaimed, but depend to a very great extent 
upon scour caused by the alternate filling and emp^g 
of that area as the embankment proceeds. From an 
elaborate calculation made by Mr, J. M, HcppEl, 
M. Inst. C.E-/* it would appear that while, as an approxi- 
mate rule, the openings left for final closing should have 
an aggregate width — extending down to the foot of the 
bank or to low-water mark as the case may be — amounting 
to I foot for every 10 acres of the area to be en- 
closed, additional openings for influx and efflux durii^ 
construction must be left, their aggregate width depending 
on conditions that vary for each particular case, and 
needing to be calculated accordingly. In illustration of 
the difiference in practice occasioned by different conditions, 
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it may be remarked that in reclaiming a piece of land ot 
t,Ooo acres, by a ba.n!k three-quarters of a mile in length 
the seat of which was 6 feet below high-water mark, only a 
single opening, 7 chains in width, was left. In. another 
case, in reclaiming an area of 1,700 acres, by a bank four 
miles in length the seat of which was S feet below high- 
water mark, three openings, respectively of 5 chains, 7 
chains^ and is chains in width, were needed. In neither 
case was the speed of the outgoing- current materially 
increased duriog the progress of the works, nor indeed 
until the cross-section of the openings was diminished. In 
completing the latter of these two works, the aprons of two 
of the Openings were raised i S inches or 2 feet at a time, by 
woodwork, stone, and cla.y. It was expected that the cur- 
rent would increase in the third opening when the other 
two were raised ; but this was found not to be the case, as 
the water within the enclosure did not rise to $0 high a 
level as that without, and in fact never attained to high- 

I -water mark." 
I Respecting the situation of the openirigs to be left for 
final closing or "shutting-up," Mr, Wiggins makes a sug- 
gestion that calls for notice. Much judgment, as he points 
out, is required in choosing the place of shutting-up. 
This is often fixed at the deepest part or main channel [he 
is here speaking of existing creeks Sec], as the natural 
in!et and outlet of the tide, and sometimes no other can be 
adopted ; but it will be matter of serious thought, whether 
the shutting-up could not with advantage take place on 
higher ground, and the main channel be previously crossed 
by the bank. "It is true," he continues, " that this will 
impound a lake inside, of the same extent and depth as the 
channel, but this water will be ultimately worked out by 
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the sluices ; snd by haying higher ground to shut up on, 
longer time will be gained for working between tides, and 
leas material will suffice. It should also be considered 
whether two or more 'gaps * for final closing are not pre- 
ferable to one." •" 

It is not, however, always advisable to carry the bank 
over, and wholly close, the natural channels in the first 
instance. In fact — as will be seen in the case of the work 
at Sunl^ Island hereafter mentioned (p, loz), especially 
when judged-of in connexion with the always critical and 
sometimes costly and laborious operation of slratting-up — 
economy qf time and expense may be effected by judiciously 
turning tliem to account. The importance of Mr, Wiggins's 
remarks, and the value of the suggestion concemiog the 
selection of ground higher than the bed of the deepest 
channel for at least some of the closure-places, will never- 
theless be generally admitted ; and as they touch the 
question of how best to deal with existing creeks and auch- 
like natural passages for ebb and flow of tidal water, this 
subject will be here considered. 

In tbe case of a bank whose seat is below low-water 
mark, such creeks should always be at once fi]]ed-up over 
the whole width occupied by the seat of the bank. Where 
the depres:sion of their bed below the general surface of the 
ground is only a yard or so and the slope of their sides is 
gentle, this will be sufficiently effected by the mattressing 
(if any) and the other materials laid down in forming the 
base of the bank itself, If the bed is deeper, or its sides at 
all steep, it is best to bring it up to tbe general level of the 
ground with suitable hlling before laying down the bottom 
of the bank. When the seat of the bank is at or above 
low-water mack, all creeks whose bed (either naturally, or 
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after the loose mud and slush have been talcen out of itj is 
below low-water mark — i.e. all such as contain water at low- 
tide, should be at once permanently broug'ht up to tbal 
level. The procedure in both cases is illustrated in Fig. lo, 
and the description given at pp. 75, 76 applies, on a 
smaller scale. In the case of a creek where the seat of ihc 
bank is above low-water mark, there is far less difficulty in 
the operation, and when the bed has been brought up to 
low-water level mattresses are no further required. The 
total width of opening for tidal flow and ebb, when deter- 
mined {anie, p. 84.), should be made up by creek 
widths, which will in almost all cases suffice. Any deficiency 
has to be made up by intervals left in the earthwork:. 
Creeks (if any) in excess of the needful openings should be 
cleared of slush and soft mud, bottomed with brushwood, 
furze, or the tike, filled-up with clay well rammed and 
beaten down, and the bank carried over them. Of all the 
openings, whether on the site of creelcs or otherwise, it is to 
be especially noted, that they must be substantially paved 
with well-bedded stone or concrete, laid over the whole 
space to be occupied by the bank and fanned-out for at 
least 30 feet beyond on the land side and not less than 
60 feet on the sea side if the foreland is sufficiently wide : if 
not, then carried to lowest water mark. When stone and 
concrete are quite out of the question, the best shift will 
be made with planking, laid across the set of the io-and-out 
current, close-jointed, and securely fixed in place. The 
sides of the openings must also be protected as the bank is 
raised, by strong fascine-work and clay, up to the highest 
tide level. No reasonable expense should be spared in 
this paving and protection of the openings : the s;tabi]ily of 
the bank itself, and success or failure in the final closure, 
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depending upon its soundness. For a reclamation of ;,ooo 
acres on Dengie Flats, Mr. G. W. Hemans, M. Inst. C. E., 
proposed to have four or five outlets, each from loo to aoo 
feet wide, for the purpose of draining out the water: that 
these openings should be provided with stone sides and 
proper aprons and, where necessary, with inverts ; and that 
the openings should be of such a width that at every ebb 
tide the inside area would be dry, so that the work of raising 
the banks could be carried on. Each opening should, 
in the first instance, be converted into an apron of S'toue, 
I of sufficient size to resist the velocity of the water." 

^H The situation and dimensions of the sluices have also 
^^■o be determined and the sluices constructed, before the 
^^ bank is commenced, or at latest before the earthwork 
„, reaches the spots at which they are to be placed. Their con- 
^Pstniction will be dealt with when treating of Drainage, Their 
capacity of discharge is not to be included in calculating 
the dimensions of the outlets above mentioned; and their 
doors should be kept shut until the time arrives for closing 
he bank, so that in case of need they may be opened to 
assist the outflow and relieve the teiuporary openings should 
scour anywhere be noticed^ 
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Should there be any weak spots on the seat of the in- 
tended bank, they have to be cleared out if not too deep, 
and filled with sound material. If too deep to be com- 
letely cleared, they should if possible be so for a yard or a. 
yard-and-a-half down, fascines ia two thicknesses at right- 
angles to each other laid over the bottom, and the place 
filled with sound stuff If the whole or any extensive part 
the site is weak, a foutidation of mattresses should be 
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la.idi, and it will be matter for consideration whether in 
such a case it wOuld not be advisable — after clearing out 
aad filling the weakest spots as mentioned above— to let 
the mattressing extend over souod and weak places alike 
until the whole area affected by weak spots is covered and 
a sounder portion of surface reached. 

It may be that the seat, although not unsound in respect 
of bearing -power as a foundation for the bank, appears to 
be defective as regards impermeability. In the United 
States of America, means of Cutting ofif percolation under 
the bank have been tried, and successfully. In. the Mis- 
sissippi valley it is the almost invariable practice of the 
levee Engineers to put in what is termed a. "mUck ditch" 
under the embankments, that is, to excavate a portion of 
the natural soil and to replace it by strong well-tamped 
clay, causing a projection as it were of the embankment _ 
into the ground, ifter the manner ofa tongued and grooved f 
joint The object of this is to supply as far as possible the 
want of a foundation extending to an impermeable stratunVf 
and to stop at least a part of the leakage, by substituting a 
tight for a porous soii for part of the depth ; and it ■ 
gives the water a somewhat longer distance to traverse in 
order to get through. It is thought to be especially indi- 
cated in sandy soils. Occasionally sheet-pjling has been ■ 
used to a limited extent, and it has been proposed to put 
in longitudinal diaphragms or vertical walls or cores of 
cement or concrete, but neither in the United States nor 
in Holland have these expedients had a fair tria]. Even 
muck ditches, though known to the Dutch Engineers, are 
not much favoured by them. They think they do not 
extend deep enough to do much goad, and cannot be 
rendered effident without great expense. What is the use, 
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they say, oF going six ot eight feet into a sand stratum 
which is twenty or thirty feet thick? Nevertheless, the 
experience of American Engineers is that muck ditches, 
when of considerable dimensions and well filled and tamped, 
perform an important part in arresting percotation. ThiC 
levees built on the Mississippi since 1890 have muck ditches 
13 feet wide at the top, 6 feet wide at the bottom, and 
6 feet deep. During a flood in iSgi, these levees and the 
laud behind them were unusually dry^ though previously 
very much affected by percolation," Simitar contrivances 
seem to be in use in Denmark, although perhaps not to a 
great extent. Where good materials cannot be procured 
in sufficient quantiries for the formation of the bank, " it is 
necessary to fill up the interior with clay, laid a considerable 
depth in the ground, as e:;perience has shown that the water 
will, without this precaution, sometimes find its way through 
the ground, and issue behind the dyke." ^^ When the 
stratum, from which danger is apprehended of percolation 
under the bank, is close to the surface, the thinness of the 
strong top soil may be remedied by artificial means. A 
Jayer of seveial feet of earth, forming a berm or banquette, 
may be placed upon the natural surface on the inner or 
land side of the dyke to serve as a counterpoise to the 
upward pressure of the external water, or on the outer side to 
add weight to the top soil and compress the permeable 
stratum as well as to remove the source of percolation to a 
greater distance. The upward pressure of the water in the 
soil when far removed from its source is so diminished by 
friction that it ceases to be dangerous. There are numerous 
examples of interior and exterior banquettes in the Holland 
dykes, of various dimensions from 3, to 10 feet high and 
20 to 100 feet wide, the inner banquette being the one 
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most frequently adopted.'- In refeience to the foregoing 
and to the woodcut accompanying it in the original, it is 
to be remarked that it is open to question whether a hori- 
zontal banquette on the outer side, thus described and 
figured, might not be advantageously supplanted by employing 
the same amount of material io an extension of the sea- 
slope, which not only removes the maximum head of water 
but also renders the bank stronger to resist the action of 
waves and the run of the sea. Indeed, this appears to be 
recognised by Dutch Engineers, for it is immediately added 
that the new South Linge dyke has banquettes, their cross- 
section being usually a long convex segment whose chorr! 
has a slope of from i in 5 to 1 in 10. In place of a ban- 
quette, an ingenious device is very commonly employed 
in the United States of America, and occasionally in Hol- 
land, A low interior cradge- or inset-bank is constructed, 
distant 20 or 30 feet or more from the main bank and 
returned into it at each end, forming an enclosure which is 
allowed to fitl with the water percolating bcacath the bank. 
The water thus impounded exerts a counter-pressure against 
the external water, and relieves the ground or the banquette 
inside from some of the upward pressure.'" 

If the materials available for constnictiorj of the bankl 
cannot be relied-on as sufficiently good to prevent percola^ 
tion through the body of the bank itself, it may be necessaryj 
to arrange for the tarrying-up of a central core along al 
portion or even the whole length of the bank. It is true that 
a good facing of clay will as a genera] rule suffice to prevent 
water from penetrating to the interior ; but there are circtim- 
stances under which it may be desirable to provide additional 
safeguard. A core of pis^, to which reference has alreadyi 
been made [afiie, p. 68), is well woith consideration on 
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account of its cheapness as compared with c]ay puddle or 
concrete, aad will in the majority of cases 3Jiswer the purpose. 
Wheth€T this, or concrete,, or puddle is adopted, it will be 
founded on the clay in the muck ditch if one has been put 
in ; where this has not been needed owing to soundness of 
the natural suiface, it may be founded directly on tliat sui-> 
face, and carried pari passu with the bank and a littEe in 
advance of it as to height, so as to allow the frames or 
planking within which it is brought up, to remain undisturbed 
until it \as set, before being drawn, The height to which it 
is carried must depend upon the more or less reliable nature 
of the material forming the bank : half the height between 
the seat of the bank and high-water wJU generally suffice, 
and it will rarely need to extend above ordinary high-water 
level. 

Sheet'piling has also been, recommended as a core for 
prevention of percolation below or through the bank; there 
are cases in which it would be more efficacious than those 
above mentioned. Its location in the centre of the bank 
would protect it against the teredo — that great enemy of 
timber-constnictton in sea-works : its extensive employment 
in Holland and elsewhere even where quite exposed, seems to 
sufficiently dispose of objecldons sometimes urged against its 
durability ; and in some situalioas it might be preferable 
even on the score of econouiy. 

As a protection against percolation owing to weakness of 
the material of the bank, as well as that caused by the 
burrowing of rats, crabs, and other creatures, it has been 
proposed by Mr. Driggs, of New York, to form a core qr 
diaphragm of cast-iron plates, thin and sharp at the bottom, 
and of sufficient length to reach both the high and the low 
water marks. They are made to fit together at the sides so 
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*s to form a continuous wall, and are pressed or driven dcffB 
into the bank.^ 



The toe of the bank should be put in before the earth- 
work on that section is commenced. Whether the sea-slope 
is to be stone-faced or not, the toe should if possible 
be of stone or coccrete, sunk iS inches or more below ihe 
natural surface of the shore and carried up s feet or 2 feet 
6 inches above that surface, which if at all tender should be 
excavated behind it to not less than a foot deep and filled 
with sound and well-ramraed stuff. Filling and ramming is 
to be continued until a good solid backing some 6 or 8 feci 
wide, with a slope on top of 5 or 6 to i inwardSj is fonnoM 
up to the top of the toe-wal). Where the cost of stone or 
concrete is too great, or local conditions— as for example ' 
the nature of the foreland, the sheltered situation of th«l 
bank, or other circumstances — render their employmeiit 
■unnecessary, the foot of the bank can be protected by a row 
of piles 5 or 6 feet apart, parallel and dose to it, driven into 
theforelandand sheeted with z i^-inch or 3-inch planking witkM 
close and well-backed joints, and thoroughly coated with 1 
tar. This, if kept low — say not more than 2 feet Or 2 feet 
3 inches high, and placed not against the slope but at the 
point where it rans out, forms a good revetment, and the 
filling and ramming behitid it is done as above described 
for a stone or concrete footing, and carried back level on 
top until it meets the slope. There are some situations id 
which groynes are said to be preferred even to a stone tocj 
In Holland, "wherever the shores are exposed to heai 
prevailing storms, the outer slopes of the dykes are d( 
fended by banks 50 yards, or &o yards apart, running out* 
from the face mostly at right angles^ and intended to break 
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the first shock of the waves. This method is preferred to 
placing roasoniy on the toe of the dyke. These protecting 
banks, or groynes are of various kinds," " and are described 
as being of a veiy substantial character. In such cases, it is 
probable (although not S.0 Staled) that fascme-wotk similar 
to that described at p. 79 and illustrated in Fig. 9 is 
employed to strengthen the toe. To the passage just 
quoted it is added that " where the foreshore is very long, a 
parallel shore-wOrk [presumably of like construction with the 
groynes described], with occasional openings, is laid down 
at spring tide level." The question of longitudinal protec- 
tive works will be more fully considered when treating of 
groynes. 

Whatever the kind of footing adopted, it must ever be 
borne in mind that expenditure is well incurred upon this 
feature, as a safeguard against continual loss of material at 
the commencement, and risk of Undermining by washing- 
out during the progress, of the bank. 



The official General Regulations ("Algemeene Voor- 
schriften ") of Holland require that when an embankment is 
designed Co keep out water, the seat must be broken with 
a spade or plough to the depth of S inches, and chopped 
fine. This applies also to existing earthworks to which the 
new work is to be joined. And in our own country it is a 
general opinion that the seat of a bank should be more or 
less pecked-up or stepped in order that the earthwork may 
have a good junction with the ground. The idea is correct 
in theory and, as regards an embankment on dry land, 
especially where the ground has any considerable slope, in 
practice also. In embanking on a nearly level tide-washed 
shore however, it may in practice be a quesdon whether, if 
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the ground is originally firm and sound, it is not best to I 
leave it undisturbed save for insertion of the stone or cofi-J 
Crete of the toe. 



The materials for the bank have to be procured, partly or 
whollyj either on the spot or from a distance j and these two 
points require some consideration. 

Respecting the first of these cases, Mr. Wiggins remarks 
as follows "»:—■" Where the maferia/ of the slob or shore to 
be embanked is applkahle to the building of the bank, much 
expense and delay may be avoided, and there can be but 
few cases where that material is wholly inapplicable, 
since any soil which is so entirely devoid of argillaceous 
matter, as to require to be wholly rejected, can hardly be a 
fit subject for an intake. In general, Indeed, the whole or 
nearly the whole of any se^-bank may be thrown up &om 
its own vicinity, either by means of barrows running on 
planks, or by horses and carts . . . ; and one of the advan- 
tages of these modes is, that as much force as is wished may 
be employed along the line, and the work done in the 
shortest time possible, i.e. within the working days of oce 
season, reckoning 200 days from the ist of March to the 
ISt of Ngyember,, SO as lo obviate the necessity of leaving 
the unfinished bank . , . for a whole winter. In cases where 
all the bank cannot safely be built with the material on the 
spot, it will be necessary to determine what portion of it that 
material is fit for, since it may be extremely ineligible in a 
wet state, but quite the cootraiy when dry. It may often be 
highly eligible for the parts above ordinary springs, or for the 
front of the bank beneath the stone-work, when it sets hard 
after being wet, or it may do for the back of the bank, when 
covered over with vegetable mould. All this must be well 
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>nsidered, taking into account at the same time, that any 
iving of expense which detracts from the stability and 
srmanency of the bank is very bad economy, and the worst 
sHcy. Amongst other precautions in building a bank with 
le materials which the line of bank affords, one is most 
iportant, viz. to go out to some distance for them Crom the 
seafoot o( the bank, so as to avoid causing deep water at 
the immediate foot. Another precaution is to avoid favour- 
ing any channels; and to this end, digging away the earth 
ID spots with bars Left between them. If the water comes 
up at all turbid, these hollows vnU soon fill with warp. A 
channel along the foot of the bant is particularly to be 
avoided as probably mischievous. It seldom happens, in 
the case under notice, that carts and horses can be largely 
employed to collect the materials, by reason of their wetness 
and softness, or from the rills and inequalities of the surface. 
planks, barrows, and ' box-horses,' are therefore the usual 
implements employed; and ... it is an advantage of barrows 
and planks, and in some degree of horses and carts, that 
they admit of any number of hands being employed, sq as to 
exclude the sea in one season, — this being of great import- 
ance, in order to prevent its ravages upon an unfinished 
bank. Thus it becomes expedient to have several reaches 
or portions of the bank going on at once, by different gangs, 
and this will occasion several gaps or places for closing, 
which will be an advantage^ since the force of the reflux tide 
will be divided, and the closing more easily effected." 

Itl constructing some embankments at Sunk Island in the 
Humber, the contractor was required to use the soil exca- 
vated in forming the drains, and the remainder was to be 
taken from the ground lying outside the line of works, under 
the restriction that the excavation was not to be made within 

H 
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6 feet of the outer slope nor to exceed 4 feet 6 inches 
depth, that the sides of the excavations nearest to the bants 
should have a slope of not less than 2 to 1, and that 
channels should be provided for the purpose of discharging 
the water that might accumulate in the pits after each tide. 
The soil of Sunk Island so consolidates and unites as to be 
perfectly compact and impervious to the pressure of water, 
theiefore no diSficulty was experieiaced in that respect, aud 
the entire lines of banks fonned by the material found m 
silu proved from the first perfectly water-light. The total 
setllement of the bank sdong the shore of the river, in a 
Somewhat though not very exposed situation, amounted lo 
15 inches in a maximum height of 8 feet 10 inches, and is 
said to have been due partly to the consolidation of the soil 
composing the bank and partly to the subsidence of the 
ground on which the bank was seated."' That this subsi- 
dence of the ground was, in part if not chiefly, due to the 
too great nearness of the borrow-pits on the foreland, seems 
probable; becauseanotherpoitionofthebank, 7 feet 6 inches 
maximum height, seated on firmer ground and lying very 
sheltered along Patringlon Channel (a narrow muddy creek 
then rapidly silting up), underwent very little settlement. 

The precautions specified by Mr. Wiggins, viz. to avoid 
excavating material too near the bank, and to so arrange 
the borrow-pits as to prevent the formation of channels in 
the foreland, are carefully observed in embankment-works 
in Denmark and Holland. Wherever suitable material is to 
be had outside the bank, it is always used, care being taken 
that the excavations are not cut in a direction parallel with 
the current, nor continuously in connexion with one another, 
the natural surface being left undisturbed between them for 
a width of from 17 to 20 feet, to prevent the formation, of a 
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channel, the scouting-out of the foreland, or other injury. 
Where circumstaTices make it necessary to obtain material 
from inside the bank, the utmost care is exercised in doing 
so, and a breadth of fr<jra 50 to 80 feet of na.tural surface is 
left undisturbed along the inner foot of the bank. The 
Dutch regulations prescribe that no excavation in the fore- 
land shall be less than 33 feet from the outer foot of the 
bank, and that the strips of undisturbed natural surface shall 
be not more than 32S feet apart. 

As regards stone, fascines, and timber, it is commonly the 
case that these are not found on the Spot, and that almost 
as a matter of course they have to be brought thither. But 
it also occasionally happens that the materials at hand for 
the earthworlcof the bEink are unsuitable as to quality or 
insutRcient in quantity ; and it then becomes a serious ques- 
tion, whether to make shift with inferior materials and to 
supply the lack of others by substitution a$ best one can, or 
to incur the sometimes considerable expense of obtaining 
better or more abundant Ones from elsewhere. This point 
is calculated to test and tax: in no small degree the skill and 
ingenuity of the Engineer, the embanking of an intake for 
agricultural purposes being seldom an undertaking in which 
cost is of trifling moment; and the decision calls for careful 
thought and sound judgment on his part. By augmenting 
the bulk or adjuadng the slopes ot the bank and protecring 
it with additional facing and the like : by makJng-up the 
deficiency of one material with another — as for example 
that of stone with concrete, or that of both with timber; or 
by other devices and means — good and substantial work 
may be constructed, even with inferior materials and scanty 
resources. The conditions of the problem are different in 
every individual case, and it is not possible here to offer 
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allow for compression and settlement, the bank is baiTt 
higher than the intended finished work, by an amount vary- 
ing— accord rng to the niaterial and the mode of construction 
and other circumstances — from one-seventh to one-twentieth 
of the intended finished height. To otviate too great 
shrinkage [at any one time], the bank is camed-itp in layers, 
level longitudinally and somewhat sloping inwards trans- 
versely, from 12 to 16 inches thick if carts are used, ajid 
from 8 to la inches thick if built with wheelbarrows. Horses 
and carts arc greatly preferred to wheelbarrows, and should 
be used if possible, at least in part. The teams must not 
all travel precisely the same road along the work, but mast 
change their tracks constantly [this is probably with a view of 
assisting consolidation]. The earth is well rammed: as a 
general rule there should be one tamper to four shovellers. 
Old cavalry horses are also used for treading-down and con- 
solidating the earthwork. The earthwork being finished 
and the slopes trimmed, the sods that have been taken up 
and piled aside are then placed upon the slopes regularly in 
rows, beginning at the bottom, closely htted, beaten in place 
with heavy wooden paddles or mallets, and covered with 
fine earth. If sods cannot be had, the bank is sown with 
clover- seed.*= 

It is often convenient to carry-on a bank at several points 
simultaneously in order to expedite the work. Where open- 
ings are left for influx and efflux of the tide during construc- 
tion, as mentioned at pp. 84, 85, this raode of execution 
becomes inevitable. Iq carrying out the work at Sunk 
Island, gangs of men were set on at several places along the 
line, so as to raise the bank fully to the height of ordinary 
spring-tides, but the principal natural creeks were left open 
for the passage of tidal water. The creeks were afterwards 
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tnultaneously filled up, and the whole embankment bioiight 
to one level and to the full height required."' This bank, 
oearjy 3^ miles in length, was commenced in April ; by the 
beginning of July the tide was excluded from the land, and 
in December the whole was completed. The economy ol 
time and trouble thus ingeniously effected by taking advan- 
tage of the existing natural channels as tidal ppenings will 
be best appreciated when we come to treat of the operation 
of shutting up. 



With exception of the method now generally approved for 
closure work, perhaps no change in modem practice as con- 
trasted with that prevailing in the early part of the nineteenth 
century is more marked than in the manner of constructing 
the earthwork of Ihc bank itself: a change based, like the 
other, upon the principle of reducing the velocity with which 
the tide in its ebb and flow streams over the work in pro- 
gress. It seems to have been invariably the custom to 
carry-on the bank by pushing it forward at its full or nearly 
its full intended heightf from the two ends towards the 
opening left for closure [ the idea probably being to en- 
counter the sea with a mass the biggest possible, complete 
so far as it extended- There does not appear to be any 
mention of a different system of procedure in this country 
prior to 1S50. In 1853 Mr. Wiggins, a good practical 
authority, who evidently sipafed no pains to bring up to 
date his treatise on the subject^ Kpeak& of carrying-on at full 
or nearly full height as being almost indispensable. " It 
will be necessary," he says, ^'to use the precaution of build- 
ing the bank irom the two ends, approaching each other 
towards the place of ' shutting up,' as it is called, i.f. closing, 
or finally excluding the seaj and each end should be of the 



104 



RECLAMATION OF LAND, 



full height, or 3.x least the full height of spring tides; because 
wherever the tide overflows an incipient bank, much of ihe 
material is ivashed away, and the mischiefs that otheni'tse 
ha,ppen are considerable. The bank therefore should be 
built Up to its safe height at qnce>" And further on ; — 
" Other precautions of a general nature are well worthy of 
attenrion, viz. to raise the bank to its full height as soon as 
possible, and to al!ow in so doing for its settling and shrink- 
ing from one-eighth to one-fiftli of its height." His men- 
tioning as a point worth cousideiation the leaving of several 
gaps for closure in preference to a single one^ sieerns to show 
that the practice was not a common one; it is the only 
means he has to propose for obviating or diminishing the 
difficulties thus described ; — " As the line of bank advances 
along the shore, ,. . . precautions will probably be more 
particularly requisite as the two ends of the bank approach 
each Other, towards the piace of shutting up. The tidal way 
will then be contracted, and the rush will be great, both of 
the influx and reflux of tide. Much of the material at the 
ends of the bank will thus be carried away, unless guarded 
with tiJrf kept down with stone during the flow of tide, and 
removed at its reflux when the work is renewed." ^ 

The earliest mention of a change in English practice as 
respects the raising of the bank to its ful3 height from the 
first, appears to be in t86z, when Mr, Gibbs, M. Inst C.E., 
who was well acquainted with Dutch enabanking, stated that 
by raising a closure-dam in horizontal layers, the velocity of H 
the water was not increased ; and that " he had constructed 
an entire embankrnent upon the same principle. The 
material of which it was composed was so deposited, that 
at each tide, the top, as far as was practicable, presented a 
level surface, for the water to pass over, and the scour of 
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the overflow was guarded against by temporary aprons." 
Nothing is said as to the way in which the water on the 
land side of the bank was goi rid of when the tide fell. 
This, if it leraained, increasing in depth as the bank was 
raised, might occasion much inconvenience. It is possible 
that tidal openiDgs, although not mentioned, were left, and 
that the raising in horizonlal layers refers^ not to a wholly 
continuous line of bank, but only to the sections between 
those openings. The obvious objection to this as an ex- 
planation is, the menlioo of guarding against the scour of 
the overflow by temporary aprons— unless by these is meant 
a kratoniat or similar temporary covering 10 the slopes and 
the top: had tidal openings been left there would have been 
no overfall to guard against, the water slowly rising on both 
sides of the bank and submerging it, and sinking again as 
the tide ebbed. At any rate the difficulty, if there was one, 
was overcome somehow, for it is added that the work was 
successfully executed.** The advantages of the new 
method were not long in being recognized. In 1864 Mr. 
Heppel, speaking of the works proposed for a Reclama- 
tion at Dengie Flats, describes a modified form of 
it. "It is evident," he says, "supposing the banks to be 
carried forward at their full height like a railway bank, that 
as the open space left between thena, for the passage of the 
water in and out, is diminished, the velocity and scour 
would increase ; and when this open space became very 
small, . . . the SCOUT against the ends qf the banks, and tbe 
ground between them, would be very nearly the same as that 
through the closing places; and although the latter, having 
been constructed with special reference to resisting such a 
scour, would suffer no injury from it, there would obviously 
be a. great deal of difficulty, and risk of failure, in carrying 
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forward an embankment exposed to its action. To avoid 
thisdifSculty, it was EDteoded to stop the carrying on of the 
banks to their full height, as soon as any injurious amount 
of scour should begin to show itself; and to makeup the 
intervals then remaining, Ovet and above the final closing 
places, by bringing up the banks, as evenly and simul- 
taneously as possible, in horizontal layers. , . , The raising 
of a bank, in horizontal layers, would have the effect of 
cQDtinually diminishing the velocity of the water flowing 
over it, so, that if any injurious action occurred, it would 
most likely be at the commencement of the operation ; and 
that if it did not then take place, no great apprehension 
need be felt for the future stages of the work, even though 
it shotild extend ovet several tides." " 



When circumstances require that the wOrfc should be 
rapidly perfonned, and time is of more importance than 
solidity of constractlon, the old mode of carrying the bank 
forward by tipping from the end as in ordinary railway 
work will probably be practised. Apart frgm the question 
of scour and closing, it has thegreat drawback of depositing 
material without any possibility of consolidation save by 
the slow effect of pressure upon the lower portion by the 
weight of the superincumbent mass, this of course diminish- 
ing from the bottom upwards and becoming ni'/at the top. 
In nearly all cases thtreforcj it may be assumed that whether 
constructed in two continuous lengths or in several sections, 
the bank will be raised in horiaootal layers. In addition to 
the advantage of obviating or greatly reducing scour, this 
method possesses another in the facilities it affords for 
properly consolidating the work throughout, the import- 
ance whereof can scarcely be over-rated. Whatever the 



THE BANK, 



107 



1 



materia], "the most special care must be taken in putting 
it together. Some banks have failed in consequence of the 
sods even of clay being loosely thrown together by means 
of planks and barrows, and mixed with logse c^h : the 
water thus being enabled to percolate the earth, surrounded 
the sods, and rendered them almost buoyant, so that the 
whole mass separated and dispersed ; whereas the loose 
earth ought to have been either collected under the pressure 
""•'d horses, or rammed down hard ivitk ironskod 
nd the sods placed carefully outside to defend 
-'xposed part. . . . Horses and carts might, with 
jgepuity, be so worked in collecting the materia^ 
.n the spot or from a distance, that the weight of 
its and the tread of the horses might be available 
/ uniformly over every portion of the bank ; and where 
this is not done, the ramming of all the earth that is loosely- 
cast should be adopted, in order to consolidate and give it 
that cohesion which is one ingredient in its strength, be- 
sides preventing or checking its loss by the washing of the 
tide, which latter effect alone would in some cases repay the 
expense of ramming; and in one case 1 have known a 
breach, and 10,000 acres, drownedj where ramming would 
certainly have prevented that catastrophe."'* 

The conveyance of material from a distance will be by 
railway, tram, cart, or baige : of that obtained on the spot, 
by Irani, cart, or wheelbarrow. Our concernment here is 
solely with the mode of its being actually brought to bank, 
i.e. deposited in the place it is to occupy) and we shall 
briefly consider those several modes, with special reference 
to the question of consolidation as the work proceeds in a 
bank built in horizontal layers, 
Railway earth-wagons, and the smaller ones used on tram- 
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ways of narrower gauge, are suitable up to a height of 
perhaps 3 feet above the seat, in the case of a bank con- 
structed in sections: when that height has teen reached, 
they are suitabk only where, or so far as, the bank is wa- 
linuoiis from one or both ends, or the rails carried 
across the openings by a gantry, rai5ed from Time 
to time as the bank riscg. Unhke cartSj thtj con- 
tribute in their passage to and fro nothing to the coasolida-' 
tLon of the ground over which they travel, save the tread 
of the horses by which they are drawn, or in the aist of 
trams propelled by hand, that of the men. Their late of 
delivery is so rapid, aod of such considerable amount— 
a railway wagon holding about 2^ or 3 cubic yards, and a 
tram about i or li cubic yard, according to size — ihai 
where, as usually the case, time is of importance, theyaK 
undoubtedly serviceable. They should tip from the side; 
and the track should be so laid that the stuff tipped along- 
side it by a train of wagons will, when spread and well 
rammed, form a layer along the bank 12 or 16 inches 
thick, between the track and the edge of the bank. Tba 
done, the rails are shifted so that each succeeding strip 
shall fill-in between the track and the strip last completed. 
Two or more Cracks can be in use simultaneously ; and 
when the strips so formed cover the whole width of the 
work, the first layer is complete. Upon this the tracks are 
then laid and the second layer formed, and so on. 

A barge contributes nothing to consolidation ; but stvf 
so conveyed can be very quickly and easily brought t* 
bank if she is beached at high-water upon the foreland or 
ou the sea-slope where she will lie close to the work, Her 
freight, unJoaded as in cqal -whipping, can by proper manage 
ment be discharged wholly or in part upon the spot where i 
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is to He, or into trams or barrows by which It may be nm 
I thither. The amQunt of stuff that can at one time be 
thus brought to bank, is limited only by the number of 
. barges for which there is berthage alongside the work. 

Carts possess the recommendation of consolidating the 
ground as theypass and repass; and by constantly changing 
their tracks a great deal may be accomplished in that way. 
The dobbin or three-wheel cart is preferable to the ordinary 
two-wheel one. Although it carries Only about three- 
quarters of a cubic yard, it is more easily hauled over a 
soft and uneven surface^ its three wheels distributing the 
weight over more lines of pressure and therefore with less 
tendency to sink in. Whether the cart used is the ordinary 
one or the dobbin, its wheels should be extra broad in the 
tire, so as to roll-down rather than cut-up the stuff already 
banked. 
, Wheeibarrows. running as they must Upon planks, are 
useless as regards consolidation, They are however, handy 
and manageable, and in many situations afford the only 
practicable tneans of moving stuff. 

Whatever the mode of bringing material to bank, and 
whether its delivery be fast or slow ; it is never to be lost 
sight of that the number of rammers must be proportioned 
to the amount banked, and constantly maintained St the 
full number required for the thorough performance of the 
work. 

Mr. Wiggins describes a mode of construction with clay, 
which wouM seem to be, if properly performed, an excellent 
one. " Stiff clay," he says, "requires to be very carefully 
packed. This material, which is principally in use in Essex 
for sea-walling, as embanking is there called, is taken from 
tht saltings or oozy forelands outside the walls, and is 
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tTierefore in a wet state and vety ponderous. It is dug in 
spits, and packed into a sea-wall by a process called * flood' 
flanking^ the barrow-iaen delivering the spits to the packer^ 
who take each spit on a pitchfork, and striking it hard into 
its place, it adheres closely ; but as these spits contract in 
drying, the crevices Outside are therefore filled with inud| 
which is called ' siud^ing.' Yet, when the packing has m 
been carerully perforaied, or the bulk of the sea-wall has' 
not afforded sufficient weight to close the clods on each, 
Other, in dryitig, open spaces still continue, into wliich the 
water penetrates on the sea side, and mice, rats, &c on 
the land side; so that If not carefully watched and timely 
mended, the water is let in to the interior, and a breach 
ensues, . . . The labour attendiog sea-walls is performed^ 
by gangs generally consisting of six runners to two fillera, 
a Lad to clean barrows and ptanks, and three oien to pack 
on the bank,^ — these proportions, however, somewhat differ- 
ing with weather, length of run, and other circumstances. . , , 
A man, will pack or ' store ' nearly as much as three men 
can rua . . ., and by this operation the 'spits' of earth 
are made to fit, and the sorts of earth mixed properJy."" 
The work thus described is, however, expensive. According 
to the prices qaoled by Mr. Wiggins, it would cost from is. 
to IS. 6d. per cubic yard: at the present time it probably 
could not be done under &om is. 6d. to zs. Gd. 



The foot of the landward slope of the bank, np to about 
3 feet above the seat, should be of large spits of good clay 
well packed together and sludged (grouted with clayey mud), 
the courses extending 6 or 8 feet inwards and having a slope 
inwards of about i in 6, The layers of earthwork in the 
bank should have a slope of i in 6o landwards, up to high- 
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water mark, from whence upwards Ihey should run level 
across the whole breadth ol the work. 

If the body of the bank is sand, or very sandy maEerial, 
it will be advisable that its exterior, both landward and sea- 
■ward, for at least 3 feet inward from the face, and up to the 
very crown, be of well-packed and sludged day spits, carried 
up just in advance of the hearting, the courses tilting 
inwards. 

As the bank gradually rises, the [and and sea slopes 
should be approximately trimmed, beaten to a. plane sur- 
face, and, together with the top, protected by krammat or 
other temporary covering before the tide reaches them. 

The porticn. of the bank at its junction with the land is 
not unfrequently apt to prove its most vulnerable part j 
and precautions should he observed accordingly. Its top 
should rise somewhat towards (he end ; the inner and outer 
slopes (especially the latter) should meet the solid ground 
with a slight curve rather than run butt up against it, and 
should be stepped or otherwise securely bonded into it. If 
during wet weather water trickJes down the natural surface 
at this place, it should be diverted above by a drain dis- 
charging it well dear of the outer slope of the bank. 



g) Closing — Allusion has already been made to the 
fact of a great change having taken place within a compara- 
tively recent period m the method of shutting up or finally 
closing a redamation-bank. Mr. Vignoles, M. Inst. C.E,, 
speaking in 1S62 on the subject, stated that until 1789 the 
Engineers directing the works in Holland considered it an 
innovation to attempt to close a breach otherwise than by 
piling across it. The more intelligent of the country people, 
bowever^ contended that the^ best method was to use 
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bundles of faggots or fascines filktl ivkh as much gravel m 
broken brick as could be bound up i-0 them. After itis 
controversy had existed for some time, the suggegtion was 
adopted, and eventually so improved as to produce the 
present system, namely that of protecting the bottom of the 
gap with an elastic covering now called a mattress. Instead 
of oarrowing the opening by working from the sides, it was 
made shallower by taying mattresses across its entire estent 
and filling it up horizontally. As the bottom thus rose, tk 
velocity of the water decreased, until a level was attained at 
which the velocity became so sraall that the opening could 
be dosed without difficulty. Subsequently this system was 
adopted almost Universally in Holstein and Northern 
Europe. The employment of fascines bound up with gravel 
and broken brick, and heavy enough to sink in a. stream 
and remain where deposited, must have been common in 
Holland and the Low Countries at a period not less tbau 
three centuries before its revival under the circumstances 
described ; and it was singular that the art of so employing 
them for closure work should have been neglected until it 
was forgotten by technical men in the Low Countries. In 
the Spanish Peninsuiaj the old method of closing by piling 
had even very recently been advocated. — On the same 
occasion, Mr, Gibbs said that about 1843 he found id 
Holland a variety of systems in use, whereof the best and 
cheapest was, he thought, that of forming the skeleton of a 
dara by driving across the opening two open rows of piles^ 
and making the closure by planking them and filling in 
between with earth, bringing up this dam by degrees, at 
periods of low-water."*"— A consensus of opinion was 
expressed in favour of the new or horizontal system. 
That this system was by no means in general use ten 
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years previously, seems well-nigh certiin, otherwise a 
practical man such as Mr. Wiggins would hardly have pre- 
sented us with the following picture of the process of 
closing:— "Stores of stone, of grass turf, and of healh, 
furze, fir tops or bushes should be provided at an early stage 
of the work. The loose or faliing earth should be retained 
in its place by a judicious use of these materials, which 
themselves n:tay be requited to be retained by piles, for 
which Scotch fir thinnings and boughs of little value may 
be used. . . . Wherever the shutting up takes place, care 
should be taken to collect sufficient material of every kind 
likely to be wanted to shut up in ont tide; and with this 
view, the two ends of the bank must be advanced accord- 
ingly with guards of turf, heath, and stoncr as already 
mentioned. As the earth thrown in attains a position 
ranging with (he general front line of bank, it should 
be covered with stones thrown down at random, but 
close, and secured with spray of some kind as a key. A 
boom also across the gap is often useful, whilst shutting up, 
to check or equalize the current. In very difficult cases, 
sand-bags, i.e. about half a cubic yard of any kind of pon^ 
derous earth enclosed in coarse hempen bagG, must be 
provided in great numbers, ready to throw into the gap at 
such critical motneuts as may require th« most strenuous 
exertions for the purpose of shutting up between tide and 
tidcj because shovel-fulls of earth, and even large stoneSf are 
carried away by the force of the current; whereas these 
sand-bags are weighty, and contain many shovel-fulls, 
though taking scarcely more time to throw in than one 
shovel-full, and they afterwards accommodate their forms to 
each other, and pack very closely together j but they should 
be afterwards guarded by a coating of stone outside, and 

1 
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staunched with a thick hacking of adhesive ponderous earth 
on the land side.""^ That abundance of materials should be 
collected in readiness, and that closing must always irDply ■ 
a more or less critical and anxious time to all concerned, iffl 
unquestionably true; but the foregoiog pasi^ge points lo ^ 
a hurried and (so to say) scramblfng state of affairs that 
ought to be quite needless under the improved system. 



When the catchwaCer drains, and the embankiug of 
ctreama provided with special outfall, are completed, or have 
progressed so far as to answer their pnrfjose of leaving no 
inland waters to be dealt with ; and the earthwork of the 
bank has been raised to not less than high-water mark of 
spring-tides, and returned into and well joined to the shore 
at each end : the work of closing can be taken in hand. 
Although not absolutely necessary, it is in the highest 
degree advisable, that the Operation should be performed ia 
a single tide. 

Calm and settled weather, and (save in the case of a 
bank seated a good deal above half-tide level) a time of 
spTing-tides, should be choseu, even if this involves a few 
days' waiting. 

If the configuration of the shore has allowed some of the 
tidal openings to be situated on relarively high ground, and 
they have been properly distributed from the highest to the 
lowest level, it will prove of much advantage. As the tide 
rises, they come successively into usCj permitting the inflow 
to the proper extent required and relieving the lower ones 
from undue scour; and, as the tide ebbs, the higher 
openings run dry first, and work can. be begun on them 
earlier than on those lower down. The wisdom of using as 
many as possible of the natural channels and creeks for 
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tidal openings will now become apparent ; those depressions, 
alreadr brought up (a3 described on p. 8S) to low-water 
level, are solid groundj instead of oozy chacncls Still to be 
filled at the cost of time now doubly precious, and serve to 
drain-out the area to the lowest possible level. 

That this view is not universally accepted, appears from 
the following statement by a speaker on the subject in iSSj^ 
" Id a small enclosure on his own land," he said, " he had 
to deal with three or four very bad rills — one 350 feet 
across, another 200 feet, and another 220 feet — as well as 
two smaller ones, and, after taking the best available advice, 
he made up his mind to leave the two deeper rills to the 
last. As a caution to others it was only right to say this 
proved to be a great mistake, for having to compete against 
the great rush of water, which at the last was necessarily 
confined to a very narrow space, the difficulty of shutting 
out the tide had been very great. . . . He had not anticipated 
any difficulty in stopping the water out, but the rush was so 
great that one rill cost him jC5,°o°- ... He had now speot 
about ^19, 000 on the work. The two wide rills had 
absorbed the greater part of the outlay, costing, as nearly as 
possible, ^to,ooo. The rush of water was so great that 
one day the boat conveying the men from their work was 
Swept away, and two of the occupants were drowned.'""* 
Such a statement of personal experience undoubtedly seems 
at first sight to tell against the practice of using the natural 
channels of creeks and rills as closure-places. But on 
examinarioti, the case is the reverse of conclusive against 
the method above recommended. There is nothing to 
indicate that the channels were filled up to the level of low- 
tide before shutting-up was commenced ; while the mention 
of a great rush of water and its confinement to a very 
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narrow space renders it next to certain that aa attempt was 
made to close from the sides instead of working up hori- 
zontally from the bottom. And the concluding ientence 
shows that provision was cot made for completing the work 
La a single tide. 



When the seat of the hank is below low-water mark, 
openings will not be requisite until it is brought up to low- 
water level of neaps : the situation of the openings has then to 
be determined, and the height of the bottom of each can be 
adjusted at pleasure to the requirements of inflow and (yUi- ■ 
flow of tidal water, so as to save time in the work of cEosJog, 
The fanning-out of their aprons is carried down to the 
lowest possible level ; and the building-up of the bank in ■ 
sections differs in no essential particular from that already 
described ; but the bringing of materials to bank for them 
will of course be, as it was for the lower part, by baige. If 
the difference in level between low-water of neaps and of 
springs is small, the time avadable for closing may be too 
short for the purpose; in which case the entire bank will 
have to be raised until a height has been obtained for the 
floor of the openings allowing sufficient time for the work. 
The consequent excess height of the water itiipounded inside 
of the' bank wiil be somewhat reduced through the sluices 
while they ran, and will do no harm. The best alternative 
procedure seems to be that of employing sliding panels (/w/rj, 
p. 3 1 &) ; or else of forming skeleton dams across the open- 
ings {ani^, p. 1 1 2), and planking and filling up to above high- 
water mark, a sufficient number of hands being put on to do 
this more rapidly than the tide rises : in this case the bottom 
plank will have to be sunk into the floor of the opening and 
the junction made tight with a good bulk of well-puddled 
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clay on the outside, If this alternative be adopted, the 
piles at each side of the opening should be driven, and 
planked to the full height, before the earthwork of the 
raised sections of the bank reaches them, so that the bank 
end of the planking may be well buried in it and the junc- 
tion made good with puddle before closing is attempted : 
this planking should not project more than is requisite for 
its junction with that of the dam to be subsequent'y made. 

Tlsis mode of proceeding applies aUo to the case of any 
bank seated so low as to allow no sufficient time for closing 
in any other manner. 

IC is not indispensably necessary that the closure-bank 
should in the first instance be constructed with [he slopes 
of the finished work : if good materials are used, the sea- 
slope may be steepened (according to the time avaiJable for 
closing) to 2 to I or even ij to i, aod the land-slope may 
be I to I. But of course, if the quantity of stuff requisite 
to make the full slopes can be properly put in during the 
time available, so much the better. 

The amount of material required for closing being ascer^ 
tained beforehand, the importance of providing for its rapid 
and continuous supply is go vital that special arrangements 
must be made for the puqiose. A sufficient BURlber of 
loaded barges should be moored outside each opening of a 
bank seated below low-water ; and, as they will be afloat the 
whole rime, they can be removed as soon as emptied and 
their place supplied by full ones as needed : the moorings 
should be so Uid as to allow for the ris^ing of the tide and 
the hauling of the barges Dearer to the work as it proceeds. 
In the case of a bank seated above low-water, as many 
barges as will lie within accessible distance when aground 
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should! be faoored opposite the openings before the tide 
has gone down ; and, as it may not be possible thus W 
supply all the material required, a tine of rails — double, 
or else with suitable turn-outs for passing — for trams ei 
earth-wagotis should be laid along the landward side of the 
bcinlc, so that stuff can be run from both ends and a. coostazit 
supply kept up. These hnes will have to be laid befoie 
the time comes for closing ; and if the work is carefully done, 
a fewfillingsandetDptyingsof the area meanwhile by the tide 
will not harm It It will save much time, if the baigesapd 
wagons are loaded with proper tumbling automatic skips con- 
taining the materials : these, whipped-up by steam -derricks 
On the ends Of each section of bank, can be discharged 
exactly where requisite. If the opening is too wide for 
the reach of derricks at the ends^ others should be placed at 
intermediate spots, on the landward side. All this will cost 
money ; bat the outlay so incurred will be tme e^^onomy. 



As each opening successively runs dry^ it is to be fiiled- 
up in layers, the soundest procurable materia being used. 
It is to be observed, that the earthwork of the bank has 
already had some time to settle, and has been so washed by 
successive tides that its crevices may be regarded as pretty 
well filled-up and sludged ; and no pains should be spared 
to render the new work soHd and substantial to match it as 
nearly as possible and obviate shrinkage and undue subsi- 
dence. The ramming of every layer should be thoroughly 
performed ; and especial care taken to unite the new with 
the o!d work, and to use day and sand, well puddled 
together, along all junctions. Precious as time Is in closuie 
operations, there should be no hurrying or scamping: & 
sufficient number of hands should be employed, in order to 
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allow the closing of each opening to be coranienced the 
moment the tide leaves it, without interfering with the men 
already at work upon other ones. 

Should cHiything occur during the progress of the 
operation in either case, to retard it, so that it evidently 
cannot be completed in a single tide, the work must not be 
allowed to proceed so far as to shut up too many openings ; 
and, if any are already closed, those yet remaining must be 
protected by every possible means against the scour certain 
to be caused by their absence. Should the check in the work 
occur when the gaps still open are too few for safety, tt will 
be better to cut down to a suitable level one or more of 
those already shut up, rather than risk destruction of some 
of the bank (and when this once begins, nobody can say 
where it will end,) by a too great rush of water through the 
remaining openings. If the delay be owing to neglect of 
providing enough hands or sufficient material in readiness, 
the error, whether due to incapacity or to parsimony^ is 
likely to prove a costly one. 

The openings having been securely closed, no time should 
be lost before proceeding with the work, of completing them 
to match the rest of the bank ; particulax caie being be- 
stowed upon the junction of the new with theexisting slope, 
so that no gullying may occur on that very vulnerable line. 



/) FermaiLont Facing, — After completion of the earth- 
work, there will have to be considered whether to lay its 
permanent facing at once, or to await settlement and con- 
solidation before doing so, trusting for its protection tnean- 
while to the temporary coverings laid down during^ its 
consLniction. Mr. Wiggine's recommendation is, '^to let 
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the earthwork remain, for one winter, without any stone 
facing, till it is seen what effect the sea has upon the banl, 
what slope it takes, and how far it raaj- consolidate atid take 
a natural bearing, before the external facing is put oo, It 
is true that some little escape of materials may take place, 
but this would be much checked by well ramming the earth 
in front, after covering it with a thin coating of gravel ; and 
the loss will be amply compenEated by addiliosai soli- 
dity." '"» 

There can be no doubt that, even with the utrnffst care in 
construction, some settlement will afterwards take place; 
in anticipation of this, allowance is made beforehand, and 
the varying amount prescribed for that allowance would 
seem to depend upon the material of which the bank con- 
sists and the exposure to which it is subjected. It appcara 
equally certain that the latter, in the form of atmospheric 
influences and the action of the seSj will promote settle- 
ment, and should be allowed free scope to the utmost ex- 
tent compatible with avoidance of serious tnjuiy. Where 
the situation is such that the sea has considerable fetch, and 
breaks with violence upon the bank, the work will have to 
be permanently faced as soon as built. Even if moderately 
Or indeed well sheltered, a bank of sand or very sandy 
materia] will need, as already described, to be constructed 
wilh a good casing of clay, and possibly on the sea-slope a 
facing of turf will be needful in addition. One of good 
gravel or clayey earth will in most cases need only kram- 
mat or similar covering, protecting it from injury and yet 
leaving it exposed to sea and weather for the purpose of 
hastening its due settlement. When this has satisfactorily 
taken place, all dawks, fissures, and local depressions wiEl 
have to be filled and levelled up ; the surface planed, bcalea 
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close, and trimmed to its proper slope ; and the tank will 
g .then be ready to receive its permanent facing, 
B Of this, (he nio.st general forms are perhaps clay, and 
turf. The thickness to which clay is laid varies according 
to circumstances, being sometimes 2 or 3 feet all the way up, 
sometimes decreasing towards the top of the slope. The 
thickness on the inner slope may as a general rule be taken 
as not exceeding hali, or at most two-thirds, of that on the 
sea-slope, with a minimum of 12 inches at bottom and 9 
inches at top. These dimensions do not apply to what 
was said respecting the clay casing or shell to a bank of 
sand. The clay is packed and sludged as already described 
{ante, p. iio)j and its cost will be at the rate there 
mentioned, 

^P Turfing or sodding is laid eitherupon clayfacing, orupon 
the earthen face if but little exposed. The sods should be 
not less than li inches by 9 inches and 3 inches thick : 
those laid on the Schleswig dykes are 1 foot square and 
6 inches thick. They should be closely packed, beaten 
flat, and covered with fine earth well beaten down. If the 
sea-slope is an exposed one, each turf should be secured by 
a wooden pin driven not less than ta inches into the bank, 
and the whole protected with krammat until the sods are 
well established and the grass grown. The cost may be 
estimated per yard super., at from fid. to rjd. and upwards, 
according to the distance of the Spot ftora whence the sods 
are brought. 

^P Respecting the merits of wood as a permanent surface- 
protection, opinions differ. As "arming" and ^'rise-head- 
ag," one of its forms has been already described ; and of 
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this Mr. Wiggins says that it is largely in use on the coast 
of Essex, where h is called " thatching." He remarks thst 
it ha$ perhaps been adopted in consequeQce of the grea.i 
quantity of woodland in the immediate aeighbourhoDd. He 
estimates its coat at a rate equivalent to is. 6^d. per sqiiaic 
yard, and adds: — "This covering does not, however, pre- 
vent the constant or ftequCDt surging of the waves from 
carrying away a certain portion of the earthy face of bank, 
and then the wood becomes loose, and alnaost useless, and 
requires to have fresh wood drawn in, and the piles driven 
afresh. . . . And when it is considered that the brushwood 
of this kind of protection seldom lasts more than two oi 
three years, and is not unfrequently carried away in less 
than one year, although the piles maybe more long-lived, 
we shall not be understood as describing this kind of sea- 
defence ia order to its recommendation, but rather the coa- 
trary. . . . Still it may happen that such a mode of facing 
may be judiciously adopted, in some cases where wood is 
abundant near, and aln:iost valueless from the facility of 
obtaining coal, and especially as a temporary expedient. 
until preparation, can be made for a more permanent and 
efHeient covering to exposed sea-walls. But as to a peraaa- 
Dent covering, its cOst, even with the precaiiqqs prolonga- 
tion of frequent repair, cannot with interest thereon be 
reckoned at less than twenty shillings per annum for every 
square rod of jio squafc feet, an annuity worth in ready 
money full j^zo, which is a sum many times suf&cient to stone 
the whole exposed iace of the bank, as we shall presently 
demonstrate ; and yet where this improvident mode has for 
a long period prevailed, it may not always be convenieat to 
change the habit for a better," ^"^ 

Od the other bandj Mr. Muller points out that in the case 
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of a bank seated On a lower level than the salt TnaTsTijWqod 
possesses great advantages over stone, which cannot be laid 
until the bank is consolidated. As to its merits genetally: 
whilst regarding the question of employing wood, or stone, 
as one which must be decided by the relative cost pf the 
materials in the locality, he believes that iu most iostaQces, 
if the compound interest on the excess of the original out- 
lay foe stone as compared with wooden protection be taken 
into consideration, the balance in a given teim of years will 
be found to be in favour of the employment of wood., not- 
withstanding the frequent renewals which it requires. The 
unavoidable supervision being the sareie in both cases, the 
wooden protection as requiring less expenditure is more 
likely to be preferred by proprietors or shareholders/"* This 
difference of opinion may perhaps be ascribed to the dis- 
crepancy betweea the reported duration of the wood in 
England and in Holland ; and this again is probably owing 
to the quality of the material, that employed in Holland 
being of a better description than what is used in this 
country {ante, p. 72). Another matter mentioned by Mr, 
Muller deserves consideration as a not unimportant point 
in favour of wood, " In neutralising the action of the 
wave," he observes, "wooden protection has an advan- 
tage over the stone. The slope being steeper, more of the 
power of the wave is expended while rushing up it, and the 
numerous stakes encountered so subdivide the wave, that it 
becomes a mere ripple befoie it reaches the cess. On the 
other hand, the surface of the stone protection is so [com- 
paratively] smooth, that waves seem invited to ascend. In 
some cases it has been found advantageous to introduce 
rows of oak stakes, at intervals above the surface of the 
stone, to break the force of the waves. The stakes should 
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be about I inch or a inches &pa.Tt, and thetr tops should bc 
12 inches or 15 inches above the surface of the stones. An 
oak framework of pileSf 12 inches in scantling, connected 
together by walings, has been used to break the wave in 
exposed localities, such as those of West Kapelle in Zeeland 
and Petten in North Holland." This is probably the pro- 
tection thus described by Mr. Wiggins; — " In Holland . . . 
it has been customary to use a great deal of timber in sea.- 
defences, and amongst the modes of using this expensive 
and perishable material, is that of facing the bank with a 
framework of strong oak, very accurately built, and the 
compartments filled in tightly with stone ; but such costly 
modes of expense [? defence] soon become nugatory, ftom 
the constant shake occasioned by the action of the sea, the 
frames sometimes becoming loosened and letting the stone 
escape, and sometimes the stone is shaken out, though the 
frames remain firm. Sometimes, also, the sea finds its way 
behind this kind effacing, and renders it useless." "^ 

Wharfing is another form of timber-protection; of which 
Mr, Wiggins says that it "has been a mode of sea-walling 
formerly practised to some extent on those parts of the 
coast where timber is plentiful on the estates to which such 
sea-defences belong. This is a method of facing sea-banks 
with stout planking set upright, and the joints backed by 
other planks, the whole being secured by means of land 
ties and stout connecting bars mortised through their pro- 
jecting heads, the earthen bank being closely stowed in the 
rear of all, in imitation of many of the dykes in Holland, 
where touch timber is used in the sea-defences. The first 
expense of these wharfed sea-walls is however so great that ■ 
they are limited to very exposed points, and cannot extend 
very far on those, and they have been found, after a lapse _ 
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of a few years, suddenly to fail in some spots where the 
planking has become decayed ; and though the apertures 
may be sjnpJ], tbe reflux wave has drawn out with it an 
alarming quantity of the earth at the back of the planking, 
the laad-ties have become loose, and much expense has 
been required to restore the strength of the wall, which it 
would have been good economy to remove, and replace 
with a sloped_bank, faced with stone." "" Wharfing is in 
fact a timber retaimng;-wall. It is sometimes constructed 
of planking laid horizontal and spiked to piles which arc 
secured by land-ties : the wall thus formed having usually a 
battering face. Timber does sometimes Jast a very con- 
siderable time I in Holland it appears to answer very well, 
and the average duration of oak or fir piles is said to be at 
least 30 years. The teredo is bad only below mean-tide 
level ; where it is not abundant, pile-work is much in vogue 
in the Netherlands.^'^ Its. duration is promoted by tarting : 
the tarred boxing to a concrete wall at Reculver lasted 
some thirty years and was then destroyed by a storm. As 
a toe- protection to the sea-slope it is Serviceable where 
stone or concrete is not obtainable ; and, should this be par- 
tially or even wholly destroyed, its backing remains to 
wash-down to a natural slope in front of the toe. As a 
retaining -wall however, it is not to be recommended. A 
retaining' wall to a reclaraatian-bank is at best an untrust- 
worthy and makeshift substitute Tor a slope : if any failure 
occurs in it, a nearly vertical face of earthwork, whereof it 
forms the sole support, is exposed, and this means a threat- 
ening of the entire bank. An apparently insignificant 
apertme in the planking may be the beginning of injuries 
far more serious than those mentioned by Mr. Wiggins. A 
striking example of this was recently afforded by the wharfed 
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sea-face of the parade at Heme Bay. The piles and planking, 
though old, were in the main fairly sound. The timber 
land-ties were somewhat decayed and those of iroa a good 
deal rusted, but had Lhey been ever so 5ound they could not 
have prevented the catastrophe thai followed. During the 
storm of 29th November 1S97, some of the planking began 
to give way ; the bscfc-draught of the waves brought oat 
some of the earthen backing, the blows of succeeding ones 
stove-in more of the thus unsupported planking and exposed 
the backing to further and more rapid washing-out; the 
result being that within a few hours the parade was wrecked 
for a. length of upwards of four hundred yards. 
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Pitching with stone, although in almost all cases th^e most 
expensive, is the best and most permatietit facing for a 
bank. Owing to its cost, it is seldom applied save where 
considerations of safety render it indispensable : the toe of 
the bank, and the lower portion of the slope, being the 
places where this necessity most frequently occurs, Routided 
and water-worn stones are difficult to fix securely in 
position ; but if such stones of large size are procurable, 
and time is cheap, fairly sound work may be made by pack- 
ing and wedging them with spawla and small stones and 
grouting the whole. Nothing less than 9 inches deep should 
ever be attempted with pitchers; nor less than iz inches 
with boulders if wedged and grouted, or 14 inches if wedged 
only. Whether for pitchers or boulderSf a firm bed must he 
prepared. Roughness of surface greatly assists in breaking- 
up the run of waves ; flaggy stone is good in this respect ; 
and if of good depth, laid on edge with the joints at right- 
angles to the shore-line, solidly bedded and well packed and 
wedged with spawls, it may safely be employed. 
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In Danish pract'iccj the sea-slope is covered with a layer 
clay and small stones, about i foot thick, on which 
are packed stone blocks of at least 30a lbs, weight, the 
smallest section of the stones lying uppennost."" Much 
steeper slopes are used than where the facing Is merely of 
clay. 

The stone facing Usual iti HoHaild hdS already been de- 
scribed {afjff, p. 54), 

With reference to English practice, Mr. Wiggins says : — 
" Scone facing is the usual mode, but previously to the 
facing with stoue a facing of clay should be spread as a 
foundation for the stone, especially if the bank is built with 
sand or o( any other earth which is liable to run, either in a 
wet or dry state. The clay facing to the sand should be not 
less than 3 feet thick, and if over this a coating of gravel bc 
spread, if only 3 inches thick, it will be a great saving in 
the end, and with such coating the stone must be 15 to 18 
inches in thickness or depth from the surface. The manner 
of stone facing must depend on the kind and fcnn of the 
stone which is obtainable for the purpose. If it be rounded 
or boulder stone, it must be mixed with angular stone to 
give it stability, and in that case promiscuous laying or 
placing may be better than r^ular pitching, the several 
kinds and shapes of stone keying each other, especially if 
small and large gravel be from time to time spread over the 
face of the bank, acid allowed to take its position either 
amongst the stone used for the facing, 01 be washed down 
to the foot of the bank, where its service will be equally 
effectual. If the stones be flaggy and flat, it wi}l be neces- 
sary to pitch them edgeways, although the action of the sea 
on their exposed edges is to shake them to and fro until 
they be loosened and washed out. Still they will not have 
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sufficient bearing on each otiier to lie flatways, and would 
slide away into heaps, so that there is no remedy but pitch- 
ing, and keeping tight with small stones and fragments. 
But when the stones are angular and tolerably massive and 
ponderous, like Kentish rag-stone, 12 to 15 inches In thick- 
ness, Or less, will suffice, and there is no better way than 
placing them side by side till the surface is covered, taking 
care to entangle and hitch the angles of each stone with 
those of its neighbours ; then by encouraging such maritime 
plants fts the soit of the bank will produce, the interstices ■ 
between the stones are much better occupied than by a 
continuous mass of stone, since the roots below interlace 
and keep the stones in place, and the vegetation at top 
eases off the wave and renders it innoxioiis." ^^'' 

At some considerable reclamatioQ-embaDknnents executed 
in England and Ireland under the superintendence of Mr. 
(afterwards Sir James) Brunlees, M. Inst. CR^ stone wa* 
plentiful in the locality and was therefore used for facing, 
"The hearting was generally of sand, which was covered 
with a layer of puddled clay of la inches in thickness, and ■ 
upon that, on the sea-slope, was placed from 2 Co 4 feet of 1 
' quarry rid ' and broken stone, and afterwards the pitching, 
which varied from 16 inches to 18 inches in thickness. By 
placing broken stone immediately under the pitching, the 
waves did not run so far up the slope, nor were they so destruc- 
tive when receding. The water in the advanciDg wave was 
dispersed through the joints of the pitching, and received 
into the rid. It was with the object of making the receiving 
power of the rid equal to the quantity of water likely to 
break upon the slope that its depth was varied from 2 feet to 
4 feet," "^ In this case, open joints in the pitching seem 
to bave been adopted on principle. The danger of injury 
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owing to compression of air within the body of the work by 
impacc and pressure of water, and consequent blowJng-out 
of the facing-stones, has been frequently and by many 
writers pointed out ; in the foregoing example this does not 
appear to have taken place, it being stated in 1862 that tin; 
work had stood without any failure since its completion 
some nine or ten years previous. Most probably this im- 
munity was owing, as mentioned, to the great depth of the 
bed of broken stone placed for that purpose. 



To what has already been said concerning methods of 
permanent protection, may be added a remark leading to 
some further consideradon respecting treatment of the sur-. 
face of a bank. " It is only in cases of extreme exposure 
and peril that the whole face qf the bank need be protected 
with so expensive a material as stone. In many cases 
where it would be prudent to erect a sea-bank, it would be 
sufficient to guard as much only as might be subjected to 
the frequent assaults of the ocean, viz. so nauch as the 
spring tides reached, as shown in the diagram [Fig. 6] ; 
above that the attacks of the tide would be few and far 
between, and though violent, would continue but a short 
time. It might therefore be enough for safety, to coat that 
pordon above ordinary spring tides with clay and gravel, or 
clayey gravel, as before mentioned, and to cultivate upon it 
the plants roQst likely to thrive, amongst which may be 
reckoned the common couch or twitch grass, very much 
employed in Essex for this use^ the net-work roots of which 
bind the surface effectually j so also does the sand rush 
{aruju/a armaria), called Maram grass in Norfolk, where it 
is much relied on. If the soil be sufficiently fresh, sowing 
ray grass seeds answers a good purpose, and every locality 
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affords also other plants easily propagated. It may howcvei 
happen that the surface is of too loose and sandy a namre 
to be left exposed until vegetation can take place, in whicl 
case it must be turfed over; but . . . even when the irnlake 
is [originally] sufficiently swarded to afiford materials for 
litrfiTig, its productiveness is [thereby] too much reduced." 
This refers to the sca-slope. With reference to the latd- 
slope it is remarked : — '* The sea-banks of sijty S3nd On the 
coast of Flintshire are sown with lucerne, the crop of whicb 
is large and valuable, beicg in a district abounding with 
horses employed in mining. The roots of this plant arc 
strong and elastic, and penetrate deeply, so that the recently 
collected materials are firmly bound together for several 
years;, when the grasses gradually overcome the lucerne, and 
a strong external sward takes its place. For ordinaiy 
localities, however, it may be as well to secure the surface 
of the back of the bank as early as possible with ray grass, 
couch grass, and such strongly rooted grasses, and marttimt; 
or brackish plants, as can best be obtained on the peculiar 
soil." A further and considerable advantage possessed by 
couch grass is itientioned further on : — " The sea-walls in 
these counties [Essex, Suffolk, Norfolk, and Lincolnshire] 
. . . are generally swarded over with grass of some kind, 
but couch grass or twitch forms not only their general, but 
their best covering and protection, from the matting nature 
of its roots and its dis tasteful n ess to cattle, enabling it to 
renew itself plentifully by seed as well as root." '" In Hol- 
land, a mixture of salt-marsh and meadow grass with clover 
seed, is recommended.^" 

There are various opinions as to the maximum, steepness 
of the slope on which grass mil thrive. Mr. Wiggins says 
that I to ij 01 kss, is a good and sufficient slope for the 
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land side of a banlt^ and that upon this slope vegetation is 
sure (o prosper. By another authority it is stated that grass, 
where not washed by salt water, will grow well on a thin 
stratum of good arable soil at a slope not steeper than ij- 
to I ; but that sea-dykes which are covered by each scorm- 
flood require one not steeper than 4 to i on the sea-face to 
get a good turf; and though the grass will look sickly in 
the spring, by May and June it will have got round.'" 

Of all growths for binding together the face of a sea^ 
bank, the most esteemed appears to be Arundo armaria, 
in English called Marram, Marura, Sea-reed, Mat-grass, and 
many other names.'" It has the property of flourishing 
in the driest soils, and possesses extraordinary power in 
strengthening sea embankments ; its spreading roots, fre^ 
quently 30 feet long, binding together the loose particles 
even of sand. The protection afforded by this grass was 
held to be of so much moment three hundred years ago, 
that by an Act of Parliament in the reign of Elizabeth it 
was made a penal offence to cut it down; and in the reign 
of George II. another Act was passed on the same subject. 
For the first offence the penalty was 20s, or three months' 
imprisonment; and for the second offence the punishment 
was twelve months' imprisonment with hard labour. A 
penalty of 20s., or three months' imprisonment with hard 
labour, was also imposed for being found in possession of 
this bent-grass within 5 miles of the sand-hills. In Scot- 

,nd the: regulations were still more stringent, it bi;ing a 
penal offence to be found in possession <:>i it within a dis- 
tance of 8 miles frOm the shore,"" Another highly esteemed 
plant is Lyme-grass [Elymus arenarius), extensively used 
in the Eastern Countries and in Holland for the same 
purpose. 
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After being sown or planted, the slopes should be covet 
with Icraminat, which will scarcely ever need to be renewed 
when the grass haa grown. 

g) Streams and Cradge-bankB. — Intersection by a 
stream of it^land water is an objeciionabie feature in a 
proposed intake, sine;; its passage to the sea has to be 
provided-for by an intercepting-drain diEcharging indepen- 
dently of the local drainage from tlie site, or by regulating 
its channel &nd conducting it thioiigh the main bank: works 
that not only involve additional and sometimes considerable 
outlay, but occupy space which, together with that taken op 
by the channel, is so much deducted from the area available 
for cultivation. Although, under favourable circumstances, 
its natural channel may be turned to account as a naeans of 
drainage for the site itself, any saving thus effected will 
Seldom if ever counterbalance the cost of regulating and 
embanking the stream. Whether the method adopted be 
that of an intercepting-drain or an embankment of the 
natural channel, depends upon the particular circumstances 
of the case. The former where possible is almost always 
preferable, and will be dealt with when we come to treat of 
Drainage. At present we shall consider the alternative 
procedure. 

If there are more streams than one, it is in principle 
deeirable that they should be united, and discharged by a 
single outlet. In practice, however, it is not always so: 
their distance apart may be too great, or the depth of the 
intake landwards too small in proportion to that distance i 
the oiie may bring down a much greater volume of Hood- 
water than the ofher ; or other conditions, not uncommon 
in shallow intakes of long stretch coastwise, may render it 
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advisable to have two or even more outlets. We will assume^ 
as an example, that there are two streams, and that they 
caji be joined in a V of moderately acute angle on the 
landward side of the bank, and thence led by s. single 
channel to the place of discharge. The example will serve 
to illustrate the mode of procedure where there is only one 
stream, and also where more than two can be joined ; and 
whatever be the number of outlets required, one or other of 
the above three cases will apply. 

The volume of ordinary and flood water of the streams 
forms a measure for calculating the dimensions of their 
respective channels, and of (hat common to both below 
their junction. The natural channel shouMbe straightened; 
and, if bends cannot be wholly avoided, they must be made 
as slight and as gradual as possible : a new channel being 
cut wherever the old one is unsuitable or cannot be rendered 
SO. 

The training and regulation of a channel is shovm in 
plan Fig. II and in section Fig. iz ; and the process is as 
follows : — 

b The line of the new channel is set out, commencing at 
"the existing channel, and proceeding across the marshes to 
where the two channels again cross,. The fascine-work is 
Eoramenced at the upper end, at a concave bank of the old 
channel, and carried out into it. As soon as the contrac- 
tion begins to be felt, the material is scoured away from the 
opposite or convex bank. The trainiog^wall od the oth'Cr 
side is then commenced, and gradually pushed on ; and so 
both sides are condnued until a new channel is scoured out 
along the intended line. Where the training-wall has to be 
laid below fclie level of low-water, the fascines are conveyed 
■to the site in barges, two barges of faggots being moored 
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in the tiver in tlie line of 
the wall a.nd paraJle) with 
it, and one barge across the 
end, loaded with clay or 
marsh sods. At low-witer 
the fascines are placed in 
the water in the space left 
between the three barges, 
transversely to the direction 
of the wall, overlapping 
each other one-half the 
length of the faggot, and 
COveciTig a space equal to 
the intended width of the 
wall Each layer is weighted 
with clay or sods till it 
sinks, being directed to its 
place by poles fastened in 
the ground. This is con- 
tinued until the wall attains 
half-tide level- The wall 
is made as far as practic- 
able to a batter of 6 inches 
horizontal to One foot ver- 
rical. Training- walls con- 
structed in this manner 
have been put in where the 
depth at Low-water has 
been as much as 20 feet, 
and where there has been 
a tidal ran of 4 knots, and 
en after the lapse of 
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hventy years needed no repairs. Sediment rapidly aCcumo- ' 
iates on the land side of ihe wall, and in the course of a 
short time the fascines themselves form the face of the 
channel. Thorns are well adapted for this work, as the 
branches interlace and hang together in a way that is not 
common to other brushwood; and the spaces between the 
branches become filled with soi] and sand, forming a tough 
and solid bank capable of withstanding the Strongest tidal 
current, and so compact that when auy of the work has to 
be removedj it can only be done by cutting the thorns out ■ 
branch by branch. If built on sand which afterwards scours 
out, it settles down in a tnass needing only additional fas- 
cines and clay put on the top to bring it to the original 
leve]. As the work of constructing the wall proceeds, a few 
heavy stones are placed on the end to prevent the fascines 
from being washed-up by the flood-tide, and these are 
retnoved forward for the same purpose as the work pro- 
gresses.'" It is well to permanently load the top of the 
completed work with hand-packed stqoe, about z cwt. to 
the square yard. 

The cost of this work varies according to the distance the 
material has to be conveyed, and other circumstances. A 
similar wall constructed a fewyears ago by Mr. Wheeler in the 
Withara, i6 feet high, with base 22 feet and top 13 feet, cost 
at the rate of i gs. $6. per lineal foot. Each lineal foot took 
about seventy faggots. For getting and delivering the clay 
(obtained from the foreshores at the mouth of the river) the 
men were paid 30s. per barge-load containing about 30 tons. 
Conveying the faggots by boat to the work, includifig load- 
lug and tioloadiog, cost 4s. per hundred, the distance being 
about 5 miles and the boats only able to navigate the river 
on the tide. One hundred faggots require la tons of clay. 
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The cost of labour in building the wall was 3s. per hundred. 
^The whole cost may be suraniansed as follows : — 

Faacines per hundred (fit score) . . , O 14 6 

Cocvej-inp by boat . . , ^ . ,04^ 

Labour building wall . . . . ,030 

Ten toils clay at IS o 10 o 

Stone Cut top, \ ton at $s. . . ■ .016 



Total per hundred fascines 



I 13 Q 



Or allowing seventy fascines to each lineal foot to the 
dimerisions given above, the cost of the wall comes to 
19s. 3d. per lineal foot, or is. Sd, per cubic yard.'"^ The 
cost of bank-protection {)7i/ra p. 1 38) may be taken at about 
the same rate< 

The embanking of streams amounts, !n fact, to dividing 
the intake into two or more separate ones, a principle which, 
as was seen in the Introduction, has been recommended. 
This, and some attendant precautions, are pointed out by- 
Mr. Wiggins, " If any riveis cross the ground," he says, 
" as is almost sure to be the case in large undertakings of 
this kind, it is much better on all accounts to construct 
separate, independent intakes between those rivers, even if 
tbey should be but insigniticant streams, than to attempt to 
enclose such streams within the bank, and afterwards sluice 
them out, because, however contemprible such streams may 
be in summer, they almost always (especially in mountainous 
countries) pour down a vast quantity of water at particular 
seasons, which it may not be possible to carry off in lime 
for vegetation. And in banking out such rivers and streams 
care must be taken to embank them quite as securely as 
against the sea, leaving thena a good wide berth diverging 
gradually but sufficiently towards the sea, and taking care 
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that they disembogue clear of the sea-bank." "" Where tb 
enibaokiDents along a stream are exposed to wave-action, as 
will probably be the case near its outfall if the opening 
tlirotigh the sea-bank is wide, they must of course be strong 
in proportion to their d^^ee of exposure. In more sheltered 
places, however, they may in general be much less massire 
than the sea-bank. 

In order to reduce to a minimum the space occupied by 
streams, it is an object to give the sides of their chaimels ai 
steep a slope as possible: where they are protected by 
fascine-work (see Fig. 12) this may be a batter as small as 
6 inches to a fooL It is pointed out that such a revetment 
or retaining-wall presents to the current a surface with plenty 
of Friction, and that such a surface is advantageous : the 
fascines protecting not alone that part of the bank which 
they cover, but also, by retarding the velocity of the current, 
to some extent the adjacent bank and the one opposite,"* 
The sides of the channel at and for some distance below the 
junction of the streams, and Chose of the V for some dis* 
tance upward, need to be Specially well protected and 
strengthened by similar revetment: the former being hable 
to erosion by cross-currents and eddies occasionally set up^ 
and the latter having to stem and divide the current (if 
any) of flood-tide into the channel. In fact, the sides of the 
channel throughout will need to be altended-to with the 
utmost care : a slip or caving-in may bring down the 
embankment they carry. *' The usual way of executing this 
work," says Mr, Wheeler, " is to commence by excavating as 
far below low water of spring tides as practicable, a slight 
dam of earth being left between the excavation and th^M 
water. From three to four fascines are then laid in. over- 
lapping each other, and with their butt ends at right angles 
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to the channel, the outer layer having the brash end towards 
the water. On this a layer of the excavated soil is placed, 
and then another row of fascines, the process being con- 
tinued until the top course is brought up to the level of 
ordinary high water, the depth of the courses of fascineS 
gradually bein^ diminished till the last finishes up with a 
single fascine. The brush is then trimmed off to a neat face. 
Provided that plenty of clay or similar material is used, this 
work is of a permanent character, any interstices of the 
fascines becoming filled with silt. Fascine work executed 
in this manner in the fen rivers fifty years ago is still in good 
condition." '^' Ag a further precaution against disaster 
from caving-in, it is advisable to have between the embank- 
ment and the back of the revetment a cess, of from 35 to 60 
feet according to circumstances, with a slope of 10 or 1 3 to 
1 ] so that in case of the hank of the stream giving way, 
there may be time to take steps for protection of the intake 
before the damage extends so far inwards as to affect the 
embankment. 



The division of the intake into three portions, in the 
example we are now considering, is by the very nature of the 
case obligatory, the streams forming the boundary between 
theto. Where there is no embankment of streams to 
necessitate it, a division if desired is effected by banks small 
relatively to sea-banks such as we have heretofore described. 
In general, a Reclamation made bit-wise will be begun by a 
bank situate further back and therefore on higher ground 
than one intended to encounter the sea direct. Such a bank, 
although its top must of course be above high-water mark, 
will not measure so much in height from seat to crown ; nor, 
in most cases, will it need to be so massively built, the force 
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of tbe warn beit^ ^auudied bf its afaderr of posticxi, of 
b; fxpeodititTc ttpon tbf gmdj-cxtended fenbsd tficf 
have traversed. A hank of t^ desorpdon i$ kmrwa ut dw 
l^last of Eogland by tbe load name of " czadge " or ** oadgr 
tiank," a. term applied also to those for embankment of i 
stream ; sod with saitabic change id details tbe niaancr of in 
constmccioD is the same 35 tfaat of the larger ones called 1)? 
way of distinction " sea-banks *' or " main banks." WTioi 
m intake has been thus secured, another cradge is in due 
time pushed out in front of 01 in some other way connccCfi 
with the former^ and so on : measures being at the same 
time taken, by groyning or otbenrisc, to raise the foreland as 
much as possible, so that the work on no one of these 
several banks is so heavy as if it had in the fir^t instaiic? 
been built equally far out. 

k) GroyiiBS and other Frotoctivd Outworks. — Sub- 
stantial and well-constructed though it may be, and however 
great the care bestowed upon due employment of the means 
needful for keeping it in proper condition and repair: the 
bank is strong so long only as its foundation remains secure. 
That foundation, if in itself sound, depends for its stability 
wholly upon the unimpaired condition of the foreland. 
This, save in situations favouring the deposit of warp and 
the formation of marsh, is continually menaced by the action 
of the sea, forming lows, gullies and channels, cutting out 
and eating away the ground, and, if Pot arrested, under- 
mining the bank itself. To preserve and strengthen the 
foreland is therefore of vital importance. This is best 
effected by keeping it heaped up with material, and most 
permanently so by making the sea itself perform the work. 
We shall here consider the means of accomplishing this end 
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imong these, groynes are on all hands admitted to be the 
tiiost effectual known. " There is no feature of greater im- 
portance ID connection with the dykes than the projecting 
Tvorks, or gro>'nes. Where they are short and low, although 
they prevent the outer ground from being hollowed out, 
they do not cause a:ny raising of it. It has been found [in 
Dcnmarkjf that where they have a height [at their upper 
end] of i feet above ordinary flood, with a length of 1,300 
fej^t to 1,700 feet, they afford practical protection to the 
dykes, as they cause the outer ground to rise considerably, 
and they are indeed quite indispensable." "No dotibt 
groynes constructed at right angles to the shore would arrest 
the shingle. . . . Groynes were an effectual means of 
arresting the shingle and obtaining an accumulation of that 
materiai." "* . 

With respect however, to particulaps, the variety and even. 
conflict of opinion is as marked as the unanimity prevailing 
on the former point. Height, length, distance apart, direc- 
(ion On plan — every diversity of detail relating to construc- 
tion, dimensions, and arrangement, has found an advocate^ 
As these opinions cannot be grouped exactly according to 
the various systems advocated or mentioned, they are here 
plated in clironological order as nearly as may be of the 
date of execution of the several works, when known : failing 
that, in order of the date at which the opinion quoted was 
spoken or written — so that an idea may be formed of the 
extent to which previous experience was in each example 
acted upon or disregarded. 

In I S47 it was stated that in exposed situations in 
Holland, groynes for protection of the dykes are placed 
mosdy at right-angles to the shore, and 50 or 60 yards apart. 
)Qstruction is of a very substantial kind. Those at 
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Peiten arc from 500 to 6t?o feet long, and about 800 f 
apart. Where several groynes are carried out from the shore 
consecutively, the work should commence with ihe lowest 
down the current. '" 

Writirig in 1852, Mr. Wiggins says that, where the shiogle 
is shifting, it is important to retain it, for which puipose 
"some expensive works are requisite, such as those called 
' hoTiss ' in Essex, and 'groins ' in Sussex and Hants. These 
are rows of oak piles, not leas than 6x6 inches, and orieo 
9x9 inches, and from 12 to 14 feet long. They xre 
driven into the ooze below the shingle at least 6 feet, and 
stand 3 feet apart, in such manner that an inch and a half 
elm plank fits between pile and pile, so as to have alternate 
piles on each side of the plank, which are spiked to the pile 
. . . Three men will drive four of these piles per day; tke 
rows extend out for about 10 rods from the shore, and are 
always placed at right angles with it ; some horses placed at 
an oblique angle failed, by being broken up the first storm. 
The effect is to gather shingle on, or rather to prevent its 
escape ftoPQ, the leeward side in winds rakiog tlie shore 
. . . Their distance roust be proportioned to the nature of 
the shore, but 10 to 15 to a mile are sometimes needed. 
... It often happens that some particular projecting 
points are veiy expensive to sustain, by reason of their 
exposure, although they themselves protect a long line of 
hank, and then any mode of retaining the beach upon them 
becomes extremely valuable. In a case of this sort in prac- 
tice, a sluice on one side of such a point was lengthened in 
order to obtain a better run to seaward, and the effect was 
to gather the shingle about the projecting point, so that it; 
afterwards needed scarcely any repairs. The same effect 
would have happened by means of a horse, but as the sluice 
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stood but 2 or 3 feet out of the general level of tlie shingle, 
it would seem that horses of smaller height than those usually 
erected, viz. 6 feet, would have a better effect It is how- 
ever worth while to consider and determine their absolute 
necessity, — and this some are inclined to doubt, since the 
shingle often leaves the beach in spite of them ; at best they 
collect it but on one aide, and for a time only, and where 
the wind is ' full on ' the shore, the shiogle would gather as 
well without these horses as with them. Therefore we may 
conclude that a stone footing to the sand-bank, which 
usually forms the sea-wall of such beaches, would answer 
better at less expense, and with greater permanency, although 
we may decline changing the established mode." '" 

Of some groynes constructed at Spurn Point between 
1863 and 1S6S, we read : " The first six that were erected 
are of Dantzig limber piles 10 inches square, shod with 
iron shoes and driven various depths into the beach. The 
planking is 3-inch red wood, secured to the piles by ^-ioch 
screw holts and nuts. All butt-joints are made on and 
secured to the southern piles by H-inch wood screws and 
clip-plates. The length of the groynes varies with circura- 
stances, likewise the levels and rake of the pile-hCads, 
When they were erected most of them stood five to s:even 
planks above the sea beach at the land end. In September 
1S76 five of the groynes were covered with shingle to 
depths of 3 to 4 feet along most of iheir length"; and in 
1878 it was estimated that a belt of beach at least 100 yards 
wide, 7 feet in average thickness, and 2J miles in length, 
equal to 1,250,000 tons of shingle, had been collected there 
by these works. The cost of the groynes was about £,2 
per foot run.'" 

In 1S70-71, Mr.R. Pickwelt, Assoc. Inst. C.E., put down 



144 



RECLAMATION OF LAND. 



I 



six groynes for protection, of the foreshore at Withernsea, 
Before their erection the beach was very low. and after a 
north-west gale the whole of it was not uncommonly swept 
away down to the bare clay. The groynes were from 300 
to 350 feet long, 200 yards apart, and at right-angles lo tlie 
beach : Mr. Pickwell subsequently believed they itiiglit 
with eqTially good results have been 300 yards apart instead 
ol zo-o. The top of the groynes at the land end was 1 2 feet 
above high-water mark of ordinary springtides, or S to 10 
feet above old top of beach, and the outer end 4 to 6 feet 
above the old beach. The main piles, 5 feet apart, were 
Dantzig red wood, 13 inches square, 33 to 34 feet long, _ 
shod with 14-lb. shoes, and driven 11 to 12 feet into the I 
boitlder-clay below thesand. The planking was of red wood, 
4 inches thick hy ti inches wide, in 20-feet to a5-feet 
lengths, seemed Co the piles with a i-inch screw-bolt to every 
plank in each pile. Cast-iron washer plates were used, as ■ 
less liable to rust than wrought-iron. The planking was 
alternately on the north (or up-stream) and the south side 
of the piles, and every butt-joint had a clip-washer, and 
was made to occur on the north side of a pile. Every 
fourth pile was strutted on the south side, the struts of red 
wood, 13 inches wide by 6 J inches thick, dovetailed and 
halved onto the piles atid secured with li-inch screw-bolts ; 
the strut-piles of red wood, 13 inches square and 13 feet 
long, driven S to 9 feet into the clay. The lop five rows 
of planking were only added as the beach accumulated. In 
1S76, groynes Nos. 1 and 2 (the most northerly) were buried 
for two-thirds of their lenj^th, and the other four entirely 
buried. The ordinary high-water spring- tide mark was in 
1S78 from 50 to So yards fiirther seaward than lomieriy; 
and it is esUiaated that there is an average constant beach 
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ir 1,200 to T,4oci yards in length, by 100 yards broad and 
S to 10 feet thick, or an accretion of 500,000 tons of 
shingle due to the effect of the groynes. In addition to the 
sea-beach proper, there is a krge accumulation of drift sand 
at the foot of the cEitfs and the groynes, forming a high and 
dry beach, in maoy places covered with vegetable growth. 
The cost of the groynes was 22s. 5d. per foot run. 

About 1876 some groynes were erected at Hornsea, of 
sheet-piling secured by walings fixed to main piles ; and of 
these, Mn Pickwell in 1S77 expressed the opinion that this 
form is not desirable, because the sheet-piles, being fixed at 
their uUinnate height of 9 or 10 feet above the beach, 
present too great a resisting surface lo the breakers, and 
are more exposed than that form of groyne which admits of 
the top planks being added and built up as the beach 
accumulates. His own experience of the difEcuIty which 
exists in penetrating the wet sand beach down to the clay 
in order to fix the bottom planks if the planking is 
horizontal, led him to believe that a combination of sheet- 
piles at the bottom and of planks at the top is the most 
efficient form of groyne, both as regards strength and as 
offering a inininmm of useless resistance to waves. 
Fig. 13 illustrates the form he proposed; the main piles, 
5 feet apart, being so driven as to be alternately on one 
side and the other of a waling 6 inches thick by 12 inches 
deep, put down between them and fixed at the then level 
of the beach; sheet-piles 6 inches by 12 inches being driven 
On the weather side of the wale down into the clay, and the 
top planking gradually added in horizontal layers dropped 
down above the wahng as the beach accumulates, and kept 
3 or 4 feet above it. Such a groyne would, he estimated, 
cost about 30s. per foot mn.'-" 
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f^K' I3' — Groyne with Sheet-piling. 

Mr. G, H. Kmahan, C.E., in 1876 pointed out the 
disadvantage of erecting high groynes in the first instance, 
and their injurious effect upon the beach. " Groynes," he 
says, "are usually erected the full height at the first This, 
however, in some localities is objectionable, as the drift^e 
fills up one side rapidly^ while the other is empty; 
consequently the water-fall, or ' overfall ' over the groynes 
forms a current that carries away the beach [already 
loosened by the downpour of water]. Groynes, therefoie,in 
most places ought to be made low at first, and heightened 
as the beach accumulates." He also thus describes a 
groyne of very singular construction : — " I have seen, in th« 
west of Ireland, an effective groyne made of seaweed and 
Gtraw 'suggauns' (coarse ropes). This was; to keep the 
sea out of turf banks. The seaweed was lied in bundles, 
and the suggauns run through the tyings as each was 
placed in position ; the bundles, as placed, were weighted 
with sand, while the seaward end of the suggaun was 
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weighted with stones. When th-e wall was of sufficient 
heiglit it was backed with sand, and ihe groyne wat 
complete.""' The simpUcity of this constrcction, and the 
inexpensive nature of the materials, seent to render it io 
an especial degree adapted to remote spots where none but 
the most ordinary unskilled labour is obtainable, and for 
persons of small means to whom the price of timber apd 
odier more or ks-s costly materials would be prohibitive. 
It is questionable however, whether a groyne thus con- 
structed would prove sufficiently strong for any but a very 
sheltered situation ; and it is much to be regretted that 
in-fomiation concerning the location and durability of this 
very interesting example was not added. 

At Ardmore a sea-wall, which was being undermined by 
the cutting-away of the beach, was strengthened by the 
addition of a paved toe; and Mr, L, Duffin, M. Inst. C,E.I,, 
the County Surveyor, added a groyne as a further protec- 
tion, ^' It was built of timber, and stood only 3 feet ovef 
the beach, and extended 33 feet seawards. It was built in 
a zigzag, the Engineer thinking that form best calculated, 
on account of the undertow, to catch the accumulation 
which chiefly consisted of sand. It was constructed in the 
usual form adopted for these groynes, viz. : rough piles 
driven in pairs, and 3-inch sheeting dropped between them, 
and spiked through with half-inch spiltes, clenched ; stayed 
in some cases on the weather side. The groyne filled 
rapidly up to the level of the top of the paved toe, and 
since it was completed in May iS8d, no damage has [up 
to February 1SS4] occurred to the wall ■ although there 
have been unusually heavy gales and great damage done to 
the coast in other places. The cutting -out gales have often 
almost emptied the groyne, yet the foundation of the wall 
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[which it was built to protect] has never been laid baxe. 
It was subsequenily doubled in length, the la&t bay being 
only I foot over the beach. As it appears to have effected 
the object it was intended for, nothing further has been 
tlone to it." This groyne cost at the rate of 6s. per' 
foil run. 

In Dungarvan Bay, Mr. Duffin put up three groynes, all of 
limber of the construction above described. The first one 
erected was in the autumn of iSSi. It was at first only 
4 feet over the beach, but was subsequently raised about 
J feet at the shore end as the beach rose, the lower end 
beiDg left untouched. The advance of the sea was quite 
checked at the place protected by it, although very rapid 
on the adjoining coast. The others though only a few 
months up in February 1.8184, were then rapidly filling. 
These groynes were SO placed as to make an acute angle, 
about 80°, with the line of direction of the tidal stream, and 
Mr. Dufhn believed that this direction makes them fill 
better than if placed at right-angles. The upper end of the 
groyne built in 18S1 was generally buried ; but it was found 
necessary to put rubbing-pieces on the piles at its lower end 
on the lee side (with reference to the tidal stream), ibzi 
being exposed to the cutting-out winds, as they were 
rapidly cut by the shingle, those Oa the weather side being 
untouched. The cost of these groynes averaged about 
(is. 8d, a foot run. 

AtEallyvoileMr. Duftin built agroyneof rock concrete 001 
rock foundation. It is a vertical wall, i32feetlong, gfeet hi^h 
and 4 feet thick at the shore end, 4 feet (3 incheshighandafett 
G inches thick at the sea end. It makes an angle of about Bo' 
with the line of direction of the tidal strcatn, and curves to ilie 
IcewardfortheUst 13 feetofitskngth. Theconcretewas] 
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in lengths ia a moveable frame, and 
cost about 175. 6d, per foot run. The 
section {Fig. 14) shows the surface of 
beach when completed in October 1 8S3, 
and the surface in February 1883. the 
high-water mark b«ing moved back 
70 feet Since then the beach has cisen 
slightly, and the shingle travels Oil the 
top of the groyne. 

About the same tinne, for protection 
of a low sea-wall Carrying a rOad along 
the shore near Tramore, some raore 
groynes were builtj about 45 feet in 
length, their shore end about 50 feet 
from the wall. They did collect beach 
to a certain extent, but it was soon 
found that the shingle travelled between 
tliem and (he wall, and they were there- 
fore extended back to it. They were 
of cheap construction, costing about 
5s. per foot run, and stood 4 to g feet 
above the beach at the wall and 1 feet 
6 inches at the seaward ead. The two 
furthest to leeward were not long in 
forming a bank of shingle 20 feet wide 
on top, ivith a sleep slope, which never 
moves even Id the cutting-out gales : 
when the shingle has been thrown up 
to a certain height, the sea loses ks. 
drifting power, and ie only able at the 
top of the tide to push it back slightly. 
One or two of the middlemost groynes 
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did not fill well ; and rheir direction was altered so as to 
make an angle of about 80° with the directron of the tidal 
current as mentioned concerning those in Dungarvan Eay> 
and they soon began to fill up. 

As the result of experience, Mr. Duffin beheves that when 
a ]eng;th of coast has to be protectedj the groyning shcmld 
commence at the furthest point to leeward, and be Carried 
on slowly against the stream, which will allow the leei^'axd 
groyne to fill before it is robbed of shingle by its weather 
neighbour. This will also give the correct distance between 
ihem, which should be such that the shingle should be 
thrown well back on the next grojme, Th-ey should not be 
made to the fuli height or length at first, but be added-to 
gradually as the beach rises, and this should also proceed 
from the leeward. In a bay like Dungarvan, where two 
lida! streams meet, the work should begin near the point of 
meeting, and proceed in both directions ; and it is probable 
that a groyne placed near that point .would fill pretty equally 
on both sides. Long groynes should be divided into three 
sections of different constructioOf having regard to the 
different work they have to perfonn. When groynes are 
correctly spaced, the landward section soon becomes buried 
in shingle, the gravel being backed up from the leeward by 
the next groyne, so that it is not exposed to any wear, and 
the pressure is pretty equal on both sides ; and the work 
might be of light construction. The middle section has to 
support the pressure of excess of gravel on the weather ade, 
and should be of heavier build, having to act as a retaining 
wall. The seaward section being bare (ajid there will always 
he a bare end to a groyne, varying in length from one-third 
to one--fifth of the whole length], it is exposed to the stroke 
gfthe sea and the wear of the shingltj^nd should be designed 
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accordingly. The scour round the seaward end of a groyne, 
although it appears greater than it really is, owing to the 
gravel being piled against the weather side and kept back 
from the sea— is a source of difficulty. Mr. Dufiin in all 
cases makes the top line ofhis groynes slope faster than the 
beachj thus giving a low sea end, which he believes lessens 
the scour. As to the length of groynes, he believes in the 
efficiency of a number of short groynes more than in that of 
a few long ones, but prefers that they should extend some- 
what beyond the natural beach, otherwise they will fail to 
catch the shingle, which is always scattered over the flat 
beyond the beach after storms. After cutting-out gales the 
beach is frequently found empty, and the flats strewn with 
the shingle. Beaches are found to fill-in most during calm 
weather or off-shore winds, although the filling-up will be 
most apparent after a gale has heaped-up the shingle 
collected during the calm. Ground swell, before and after 
storms, has great effect in sucking out the shingle; the 
gales from the line of greatest exposure are not those which 
do most damage to a beach.*^ 

Mr. Wheeler, who has devoted much attention to the 
subject, has made an exhaustive examination of what has 
been done in the construction of groynes, and of their 
practical effect. The recently published results of this 
investigation, whereof the following is a brief abstract, may 
be taken as fairly representing the present state of know- 
ledge on the subject :^ 

> Groynes cannot in themselves be regarded as a protec- 
tion, but are serviceable in the effect they produce on the 
beach. They do not create fresh material, but simply stay 
the littoral drifting action, and so prevent denudation and 
assist in accumulation. Provided they stay the drift of the 
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shicgle from the length of coast to be protected, that is 
a.111 that can be expected of them. EeyODd the prevention 
of lows on sandy shores and beaches, they are of no service 
on 3. coast where there is do material to collect and no 
wasting cliffs to provide fresh supplies. The process of 
accumulation will be effected as well, or better, by a few 
groynes placed at considerable distances apart than when 
they are spaced near together. No general rule can be laid 
down as to the space that should intervene betwieen groynes; 
50 much depends on local circumstances that experience of 
these alone con determine it, but it is better to proceed 
lentatively, and add to the numberj if experience shows this 
to be desirable, rather than to place them near together al 
first. In many cases where the teDgth to be protected is 
not great, a single groyne placed at the leeward end, carried 
sufficiently far down the beach, and raised from time to 
time as tbe material accumulates, will be found as effective 
as a number of groynes placed at short intervals, and 
will make a much better and more level beach at far less 
cost. 

Afief a beach has been raised to nearly high-water mark, 
or to a little above mean tide level, the accumulation of 
shingle will proceed without artificial aid when there is a 
continuous supply of drift. Groynes, if properly arranged 
and not carried too high, will become buried by the 
accumulating shingle, and therefore there is no need to 
make them of a more substantial and permanent cbaracter 
than is necessary to serve the temporary use they have to 
fidfil. 

Groynes are of no service in moderating the force of the 
waves OT preventing their breaking on the beach, but on 
tlie contrary tend to add to their destructive effect. When 
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the rnomentum of a wave is suddenly checked byaa obstruc- 
tiorij such as a high groyne, the water is projected upwards, 
and m falling cuts out and erodes the beach. The retiring 
wave, flowing back in a consLderabJe volume, carries with 
it in its undertow this loosened material. 

When groynes project much above the beach, and are 
placed within short distances of each other, the water drawn 
into the bay between iheni is forced above its normal 
height in consequence of its rnomentum being checked. 
Owing to this increased elevation, the wave retires with 
greater velocity than when it has a freer cqutse, and is thus 
more effective in the removal of material down the slope of 
the beach. When waves are driven by the wind obiiquel/ 
into these shore bays, the water also eddies round and cuts 
out the shingle. Owing tO the irregularity in the breaking 
of the waves, due to the obstruction caused by a high 
groyne, it frequently occurs that the crest of a wave is on 
one side of the groyne while the trough is on the other, and 
consequently the water pours over the top like a cataract, 
and, falling as in some cases S or 10 feet on the bare beath 
on the other sidCj disturbs and cuts out the surface. Beach 
is frequently found heaped up to the top of a high groyne 
on the windward side, but never accumulates on the lee- 
ward side. 

With direct on-shore gales, shingle Is drawn down and 
the upper part of the beach becomes denuded, Groynes do 
not prevent this removal. AVhen however, a shingle bank 
has become accumulated by their aid or otherwisCj the 
destructive effect of the waves is diminished in proportion 
to the extent of the material- over which they have to 
play and the decreased depth of water in which they 
break. Shingle drawn down from an accumulated bank is 
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returned by the action of the tides, after the cessation of tlic 
gale. J 

AVith reference to the most effective direction to be givnl 
to groynes, the geneial practice is to place them at right- 
angles to the shore line, and experience has shown that this 
on the whole gives the best results. The worst direction 
is at an angle sloping to the windward side, i.e. toward 
(he source from which the regular supply of drift comes; 
and although examples are to be found of groynes placed 
in this direction, experience cannot be said to justify the 
system. Groynes slopijig to leeward, i.e. away from the 
source of supply, are advocated by Mr. R. F. Graniha 
M. Inst. C.E., who has had considerable experience in wor 
of coast protection on the South Coast The groyues 
has constructed at Lancing and Middleton have been mad 
to point ill a south-easterly direction, and he considers tlie 
result as satisfactory. ■ 

As to the length of groynes; they ought to extend from 
the cliffs or the sea-wall to low-water of spring-tide, or even 
below this: Although shingle accumulates only at the 
upper part of the beach, there is always, and especially 
after on-shore gales, a certain quantity spread all over it 
down to or below low-water. A groyne extending the whole 
depth of the beach wi!l collect any coarse sand or shingle 
drifted against it, and rn^-terial thus stopped from traveling 
will gradually work along the groyne to the upper pari oi 
the beach. ■ 

The late Mr, E. Case, Assoc. M. Inst. C.E., the Engineer^ 
the Roraney Sea Defences, who paid great attentiou to 
groyning and had considerable experience of its effect, 
was a strong advocate of the use of long low groynes, and 
adiised strongly against the use of high ones, content 
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that the building-up of the foreshore should be gradual and 
progressive, and that the object to be sought is the re- 
modelling of the beach to its natural inclination &f repOSe. 
This iuclination varies according lo the material of which 
the beach is composed, being steeper where shingle exists 
than where sand alone prevails. For a beach containing a 
mixture of shingle and sand, he puts it at i in 12 for the 
upper part, flattening to i in 40 lower down, and towards 
low-water of spring-tides : in 7a. He contended that 
groynes should accordingly be placed at this angle, the 
planking being placed horizontally and stepped to :neet the 
varying slope. He further advocated that the groynes 
should not be carried up the bank beyond the point to 
which mean high-water reaches. It is doubtflU if the 
stopping of the groynes at this point will be found satis- 
factory, especially when the beach consists principally of 
sand. An examination of some of the groynes erected on 
this principle shows that the waves running round the end 
of these groynes tend to scour out the beach ; and it is to 
be apprehended that these shortened groynes will aid in 
developing the lows or hollows, running parallel with the 
coast, which are produced during gaits; by the waves on 
sandy beaches at or about the point reached by high-water. 

" The conclusion arrived at after an inspection of the 
principal works of groyning along the coasts of Englund, 
Belgium, and Holland, is that the best resuhs have been 
obtained — 

I " (i) By the use of low, Inexpensive structures of wood, 
Extending out from the sea wall or cliff to low wa'.er of 
spring tides. 

*' (z) That there is no advantage derived from placing 
'iiroynes near together. As a general rule it may be taken 
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that the distance should never be less than the space lying 
between extreme high and low water of spring tide, but may 
with advantage be made greater than this. 

"(S) That in many instances where the length of coast 
to be protected is not great, a Single groyne placed at [he 
extreme leeward end of the beach, and carried as far below 
low-water mark as practicablej and raised from time to time 
as the shingle accumulates, is sufficient to prevent the drift 
of material, and will provide a level and even beach, 

"(4) That the tops of groynes should not rise more than 
about 2 feet, or at the most j feet above the natural surface 
of the beach, provision being made for raisiog thetn as the 
beach accumulates. 

" (5) That the best direction for groynes is at right angles 
to the line of coast. 

" (6) That the inclination of groynes should vary as they 
proceed seaward, in harmony with the natural slope of liie 
beach. 

" (7) That as regards the length, the leeward groyne 
should extend from the cliff, or extreme high-water mark, to 
a short distance below low water of spring tides." '*" These 
opinions and conclusions are illustrated by copious details 
of groyning at home and on the Continent. 

Another form of defence, used instead of or in cgmbiua- 
tion with groyneSj is a breastwork, detached froco the bank 
and parallel to it or to the beach that is to be protected. It 
is stated that, in Holland, "where the foreshore is very long, ■ 
a parallel shore-work [probably of like construction with the 
groynes], with occasional openings, is laid down at spring 
tide level ; " and again : " The Dutch usually placed parallel 
protection works in front pf their sea walls, leaving openings 
in them, to perm,it the waves to retreat; the seas broke upon 
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before reachbg the walls, and in retieating did not 
scoop out the stones, or other materials." ™ A writer who 
made an especial study of the etnban'king''Worlts of Holland, 
mentions that pile-work is generally placed in front of the 
bank and not on it, so that the sea-slope may be sodded, 
and the force of waves so broken that the sods are not in- 
jured.™ The use of longitudinal instead of transverse out- 
works does not, however, appear to be generally approved in 
this country ] experience tending to sbow that they do not 
in fact tend to promote the accumulation or the retention of 
driftage, but rather encourage the formation of lows or 
channels in the beach. There is a scarcity of records con- 
cerning them, owing to the disfavour with which they are 
regarded and the consequent infrequency of their employ* 
ment. 

Mr, D, Stevenson mentions a case in which longitudinal 
work was found remarkably efficienL The locality was on 
the shore of the Bristol Channel, "where large tracts of low- 
lying pasture, the most valuable lands in the countryf were 
exposed to be flooded when high winds and high tides 
coincide. High isolated groynes were found not to 
encourage a uniform deposit of shingle, which shifted from 
side to side of the groynes according to the wind, while the 
exposed face of the groyne, from which for the time the 
shingle had been removed, acted most injuriously as a decoy 
to the sea right Up to high-water mark, These groynes 
were therefore removed, and a continuous line of piling, 
parallel to high-water mark, was substituted, presenting no 
obstacle to the run of the waves along its surface, 

ccaslonal lines of low groynes were put in front of the 

higher continuous pile-work to arrest the shingle, and the 

if these low groynes wert; at some places, where the 
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scour of sViingle was greatest, connected by Hnes of low" 
piling parallel to the higher continuous piling ; and this 
mode of construction proved very successful, not only in 
encouraging a more unifonn collection of shingle, but also 
in preventing the run of the sea, during high tides, frOm 
overtopping the shingle beach and deluging the adjoining 
lands. In proof of this, it was found, on making an 
examination after the occurrence of an unprecedentedly 
heavy storm accompanied by high tides, that wherever the 
continuous upright piling and planking had been con^ 
structed, there was no influx of anything beyond spray upon 
the adjoining land, but that at all other parts of the coast 
(which is about six miles in length) where the face of the 
beach was sloping and the upright piling had not been 
applied, the water passed freely over in considerable depth, 
carrying drift timber far into the fields, and in some places 
heaping up heavy shingle on the land to the depth of two or 
three feet." '=^ 

It is hardly needful to remaric, that the work thus de 
scribed is in reality neither naore nor less than a bank 
constructed of piling and defended by low groynes ; and 
that the accumulation of shingle, preventing the run of 
the sea from flooding the land, was due to the groynes and 
exactly what might be expected. 
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CHAPTER IV. 



THE DRAINAGE. 



In preparing a scheme for the dmlnage of a redaimed area, 
account has to be taken not only of the moisture falling 
upon it as atrngspheric precipitation, but a!so that intrlidiDg 
in the fonu of surface-water or of springs, the result of 
atmospheric precipitatioQ elsewhere. When the area lies 
sufficiently high to allow it to run off of itself, the removal 
is said to be effected by gravitation, or " natural drainage " : 
all that is needful in such a case is to provide the outlets 
with sluices permitting escape when the tide falls, and 
preventing influx when the tide rises. Where the land lies 
so low, or where the amount of water is so greatly increased 
by floods in wet seasons, that there is not always time for 
it to run wholly off while the tide is below the outlets, the 
drainage is of a mixed character, effected partly by gravita- 
tion and partly by mechanical means. The discharge from 
an area lying below low-water level has to be effected 
entirely by mechanical means, or ** power-drainage." 



Drainage by Oravit&tion, — Drainage by gravitation 
being thus limited to situations where the water can run off 
between tide and tide, it is an object to deal with the least 
possible quantity. For this reason, and because surface- 
water from land not iactuded in the reclaimed area has a 
better chance of being so got rid of owing to its coming 
from relatively higher ground, it ls always advisable, where 
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pussiljle, to intercept it by catchwater drains and lead it out 
separate from that belonging to the reclaimed area itseir, 
If tbat area is inteisected by a stream that is embanked as 
already described, the catchwater drain may be led inlo it— 
with advantage to the stream provided the drain does nnl 
bring dovm a disproportionate amount of sediment and 
thus tend to silt-up the channel. Such a junction should 
be made at the upper end of the stream and outside the 
eticircling main drain or "marsh fence," into which it would 
otherwise discharge. In some cases the main drain itself is 
made to serve as catchwater drain also. When no junction 
with a stream can be effected, the catchwater drain should 
be led to an outlet of its own. 

'• A large fal] of rain at any particular period does not 
necessarily produce a flood in flat districts. When rainrall 
succeeds a season of dry weather, it takes some time to 
saturate the land j and owing to the large capacity of the 
arterial drains, ... it occupies some time before these 
become fully charged. On the other hand, if rain falls alter 
aconlinuarce of wet weather, the land, together vrith the 
drains, is already charged, and any exceptionally heavy 
lain, although even for a short duration, is at once 
succeeded by a flood, as the drains cannot cany off the 
excess in their surcharged state. . . . The quantity of 
drainage which was provided for by the old Fen engineers 
was that due to the water arising from a conlinuous rainfall 
of a quarter of an inch of rain in twenty-four hours, making 
no deductions for soakage or evaporation. This calculation 
was also adopted by Sir John Hawkshaw for tbe engines 
erected for the drainage of the East Fen in Lincolnshire, 
and by Sir John Coode as the maximum quantity to be 
lifted by the engines proposed to be erected for the drainage 
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or the North Level. Taking the rainfall in the Fen district 
as a guide, it may be estimated that provision should he 
loade for a. daily rainfall equal to about '0076 of the aversgc 
annual rainfall of wet seasons [se^ Note 14^]- ... In 
Ireland) for the Rathdowney drainage on the River Erkina, 
provision was made in the channel Tor a discharge of 600 
cubic feet per square mile per minute, equal to a conticuous 
rainfall of about three-eighths of an inch in tweuty-four hours. 
The soil was a deep alluvium ... on the lower limestone. 
At the Wexford Harbour Reclamation Works, where the 
rainfall of wet years amounts to over 50 inches, and the 
mean from 45 to 4S inches, it was esumated that three- 
fourths of this quantity, or 34"2 inches, would have to be 
pUiTiped ; but the machinery was made of sufficient capacity 
to lift nearly an inch of rainfall in twenty- four hours." ^ 

Springs within an intake are sometimes a cause of trouble. 
When their water rises naturally to the surface, it can be led 
away by the orditiary drains. If the depth of these is not 
sufficient to reach the source, an auger-hole will generally 
sufEce to tap it, and if the spring is fed from a higher level 
the water will rise and flow off by the drain. Care should 
be taken to bore no deeper than suffices to ease its ascent ; 
if continued deeper, the result may be the tapping of a 
tower and perhaps powerful spring whose waters find a 
natural outlet elsewhere, and the remedy may prove worse 
than the disease. Instead of putting-down a bore-hole, a 
well may be sunk to the needful depth, and filled with loose 
stone, through which the water will rise as in the bore-hole, 
^ith less liability to choke up. 

The amount of water for whose discharge provision is to 
be made, being ascertained, two questions forming as it 
were the key-note of the whole scheme have Co be dealt- 

M 
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with, viz. ; First, the depth below the surface of the land at 
wluch the water in the soil can be left to stand (ihis level 
being practically that of the water in the ditches) ; and 
second, the level at which the sill of the outlet-sluices 
be placed. 

As to the first point, Mr. Wiggms lays tt down as a rult 
that the waters of an intake should never stand less than 
i8 inches below the lowest level of the land, except where 
lakes musE remain.'" Another writer states that the 
practice in the Fens of Lincolnshire shows that the most 
beneficial distance from the surface for the free water is 
about 2 feet, and that in general the best depth is from 
a feet 6 inches in heavy clay to 3 feet 3 inches in friable 
loam.^ In the case of a Reclamation at Wexford Harbour 
{infra, p. 245), it is mentioned as untoward that the wate«- 
had never been more than 3 feet below the surface ; andl 
a confident anticipation is expressed that, when with the 
help of improved pumping machinery it can be kept down 
5 or 6 feet, the land will become more valuable by 25 or jo 
per cent. Mr. Wheeler says it "should not be less, where 
obtainable, than 3 feet or 3 feet 6 inches, to allow the 
under drains to lun clear. In peat land, two feet below the 
surface is considered sufficient for the water-level. Taking 
the depth to be 3 feet 6 inches, and allowing for i foot of 
water in field ditches, the bottom of these will require to be 
4 feet 6 inches below the surface. The depth of the main 
drains and levet of the water must be such as to provide foM 
the drainage of the lOwCSt land situated thegreatest distance 
from the outfall, and also to allow for the necessary fall in 
the surface of the water from this land to the outfalL , , ■ 
There are many cascsj however, in fens and marsh UniJ, 
where the state of the outfall ditches will not allow ofi 



THE DRAINAGE. 



163 



greater depth than 2 feet. The pipes should never be laid so 
low thSit their ends are buried ia the water in the ditches 
into which they empty ; such a practice is simply laying 
pipes for the puqsose of soddening the land with water 
instead of draining it."'^ Where pipe-drains are laid, and the 
land is to be cultivated with the plough, another cansidera' 
tlon conies in : that^ namely, of the depth to which the 
plough penetrates. " Mr. Stephens calculates the depth of 
a furrow-slice with a two-horse plough at j inches j but in 
cross-ploughing, 9 inches. Iffourhorges be used, thedepth 
of the furrow will be la inches; and if the fotir-horse plough 
follow the common one, the depth will be increased to 
1 6 inches. Subsoil ploughing will petietrate 1 6 inches below 
the common furrow of ; inches. Allowing 3, inches between 
the lowest disturbed part of the soil and the surface of the 
materials in the drain, and restricting the effectiveness of the 
drdnto that portion of it which is below the ploughed surface 
of 7 inches in depth, the minimum depth of drains should 
be such as to allow 19 inches below the furrow-shce, or 
26 inches below the surface and above the constructed 
portion of the draioj and so much more than this if subsoil 
ploughing be practised. Allowing 6 inches for the depth of 
the drain occupied by the pipes or tiles, Mr, Stephens 
estimates 33 inches as the minimum depth of drains in 
porous subsoils, and 50 inches in clay subsoils, with an 
additional 6 inches in each case if stones are employed as 
filling materials in the drain." '^ 

As regards the second question, f.e. the level at which the 
sill of the sluices should be placed, Mr. Wiggins says : — 
'^ Sluices, as has been said before, are the most simple means 
of this natural drainage, and these will run a shorter or 
longer time, according to the height of their sill above low- 
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water 3eve], — to the degree of ebb of tide, — and to the height 
of ihewater standing upon the sUl of the sluice. Thus, the sills 
of some sluices laid down have been but 6 to 1 2 inches above 
!ow-water mark, according as the tide ebbs out more or less 
at springs or neaps, when not acted on by winds or other- 
wise kept up. These sluices at the period of a good ebb, 
and having 12 inches of water on their sills, will run four 
hours. They would therefore run dry if the tide ebbed 
12 inches lower, so that it appears that if the sill of a sluice 
has 2 feet fall to low water of springs, it will generally mn 
si* hours when the tide is not kept up by winds, — and when 
there is much pressure of water on the inside, it will run 
nearly seven or eight hours. But as the waters of an intake 
should never stand less than 18 inches below the lowest 
level of the land, (except where lakes must remain,) and as 
6 inches should be allowed for the water to stand usually or 
often in wet times on the sill of a sluice, that sill should not be 
placed at less than 2 feet below the general level of the land 
where the bank is placed ; and as there ought to be at least 
z feet fall from the sill of the sluice to the low water of 
springs, it follows that the line of bank should at its foot be 
at least 4 feet above low-water mark at springs, as above 
stated, and it must depend upon the quantity of water to be 
discharged, what number of sluices should be put down, 
and the width of their several runs." '*■ This matterwill be 
further considered when treating of the sluices themselves. 
Meanwhile it is well to note, that a fall of z feet from the sill 
of the sluice to low-water, although desirable as lessening 
the risk of blocking-itp by sand or shingle, is not always 
obtainable; the level at which it can be placed depending 
upon the circumstances of the case 

From the data ascertained respecting amount of water to 
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be got rid of, the height at which that in the drains is to be 
maintained, and the height at which the sill of the sluices can 
be placed — the requisite form, dimensions, and fall to be 
given tQ the drains can be estimated, and a scheme of 
drainage prepared. The method of doing this cannot be 
better explained than by a brief abstract of the very clear 
practical instructions given by Mr. Wheeler. 



The object to be sought in lay^ing out a drain in a dac 
country is to provide a channel wherein the water shall bs 
moved along its intended course with ^uch ease that as small 
as possible an inclination and area shall be used. Every 
increase beyond what is absolutely necessary is a waste of 
land and expense in excavation. 

The greater the depth within certain limits in pyoporlion 
to the width, the better will be the discharging power of the 
drain. The greater the body of water as compared to the 
area of rubbing surface, the more free is the water to move. 
The proportion of rubbing surface of the sides and bottqm 
to the area of the water is termed the hydraulic mean d^tk, 
and is found by dividing the latter by the length of the 
former, or the area by the wetted perimeter. The best form 
oi channel for conveying water is when the width is double 
the depth, i.e. when a semicircle described with the water- 
line as diameter touches the bottom of the drain, Such a 
form however, is not in practice attained in land drains, 
and the width will generally be from four to six times 
the depth, 

The velocity of water in drains is governed by the rate of 
inclination of the surface of the water, and not of that at 
the bottom of the drain. The velocity due to gravity is 
■retarded by the friction of the water against the rubbing 
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surfaces with which it comes sn contact, this rubbing snifacc 
consisting of the sides and bottom of the drain^ weeds, _ 
sides of bridges, or other impediments. The velocity isf 
greatest in the centre of the stream. The mean velocity is 
generally taken as about four-fifths of the surface velocity in 
IheccDtre.and is expressed by the fonnulaV=< v"^ xsFlC, 
V equals mean velocity in feet per second j R equalsfl 
hydraulic mean depth in feet ; F, fall of surface in one mile 
in feet ; C, a constant, varying from O'go in rivets and large 
streams with considerabJe depth of water to o'6o for small 
drains in good order, The surface velocity iin the centre of 
the stream, as found by floats or by a current-meter, raust^ 
be multiplied by 0-S3 to find the mean velocity of Ordinarfi^ 
drains. The following may be taken as the factors by 
which the theoretical discharge is to be multiplied to allow 
for friction, and as generally applicable to drains in low flat_ 
districts. 





Dcplfa. 


Mean Width. 






fei't, 


Feel. 


Factor. 


Main dratns 


. 6 


30 


•80 


Secondary drains 


■ 4 


2D 


'JO 


iSomU drains , 


, 2 


to 


-60 



Every inch of fall being of value in flat districts, the ai 
of the drain is so proportioned that the surface inclination 
of the water in the drain is reduced to as low a rate as is 
compatible with the efficient discharge of the water. Main 
arterial drains in well-drained fiat districts flow with an 
inclination of from 1^ to 3 inches per mile. m 

The determination of the slope or batter to be given t^ 
the sides of the drains must depend on the nature of the 
soil, but wlU also be guided to a certain extent by the width 
and depth ot the drain. It is frequently advantageous to 
lay out the sides of the main outfall drains at a flatter sloj 
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than the nature of the soil absolutely requires, in order to 
afford larger storage room during the time the flow of the 
water is stopped by the tide, the rapid increase in the area 
above the mean water line affording a large reservoir for the 
water without increasing the width at the bottom. Soils of 
a sandy nature will require very flat slopes, as the soil is 
easily removed by the wash of the water. In the alluvial 
soils of marsh districts the large drains may frequently be 
found having slopes of only 1 to i : but as a rule their 
slopes are seldom steeper than, 2 to i, and axe 3 to 1 in light 
soils. Clay, according to its nature, will stand at a good 
slope so far as the wash is concerned, but is liable to slip if 
laid too steep. Peat requires very little batter : in (act many 
of the secondary drains in peat districts may be seen with 
their sides almost vertical CarefuJ observation of the 
existing drains or watercourses in the neighbourhood, and 
the slope to which they have adapted themselves, will form 
a guide as to the section to be given to a new drain. As 
the drains diminish in sise, the slopes may be made ij^ to i 
or i:i^ to I for the second-class drains, and 3 to i for the 
main ditches. 

In excavating drains where the substratum consists of soft 
alluvial soil, overlain by material of a denser and more stable 
character, the bottom will spring up and let the sides down.. 
When ground of this character has to be encountered, the 
soil excavated must be moved to a sufficient distance to 
prevent its weight forcing the sides into the cutting, and 
should not be placed nearer than six feet It may even be 
necessary in very bad places to build up the sides with 
fascines to prevent them from slipping in. 

Ko txed rule can be laid down for the designing of a 
system of drainage applicable to all districts, as regards the 
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nurn'ber of the drains, iheJr arrangement, widlTi, or depth, 
as these must all be governed hy the particular cDnditions 
o( the land to be drained and the ouirall. 

A typical case for iUustration of the method of making 
such a design from given data may, however, be taken, 
having an area of flat land containing 20,000 acres, dis- 
charging into a tidal stream which allows the s^luice doors 
to be open only fourteen hours out of the twenty-four. 
The rainfall is assumed as being at the rate of a quarter of 
an inch in twenty-four hours, the whole of which i* to be 
disclbafged off the land. The quantity of water due to this 
rainfall would be equal to 2 to-o; cubic feet per second : the 
main drain, running only 7 hours each tide, would require 
a capacity equal to 35922 (say 360) cubic feet per second. 
Taking the district as 6i miles long by 5 miles wide, this 
would require one main drain along the centre, with lateral 
drains on each side at intervals of every fifty chains ; ditches 
branching out of these lateral drains would be required at 
intervals of every ten chains, leaving the areas of the fields 
drained by them twenty-five acres each. Taking the main 
drain as having z6 feet bottom width at its lower end, with 
side slopes of 2 to i, a mean depth in floods of 8 feet, a 
rise of 4 inches per mile in the bottom and 2 inches per 
mile on the surface of the water, its discharging capacity 
would be as follows ; — 



I 

I 

I 



Pest. 

Bottom width 26 

Widlli of surface ofwater .... 58 

Mfan width ........ 42 

Mt&a depth . 8 

H. M. D. 

Area4a-ox8'o .... =ii6-o _ ^ 
Conloar I7'6-|- I7-6 + 36-0 . . =: tii ^^ 
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Fall per mile O' 166 X 2 ^ 0333 

V^ S'50« X ■0*332 z= 1*352 -velocity per second. 
1-353 X 080 = PoSlb 
Area safe-o X I 'f^ 16 = 3fi3-42 cubic feet per second. 

le dimensioBS !n the drain at the middle would be 
40 feet 6 mches top, 10 feet 6 inches bottom, 7 feet 6 inches 
depth, and dischargiog capacity 1S2 cubic feet per second. 
The quantity of drainage to be discharged at this part of the 
drain would be that due to the rainfall on io,ooo acres, viz. 
xSo cubic feet per second. At the top end the drain 
would diminish to i foot at bottoiHj 39 feet at top, and 
7 feet depth. The twenty lateral drains would each take 
the drainage of 1,000 acres. The mean dimensioos of these 
drains in the middle of their length would be 2 feet 5 inches 
bottom, 6 feet 8 inches top, slopes ij to 1, mean depth 
1 foot 8 inches, fall in bottom i foot per mile, in surface of 
water 6 inches per mile, discharging capacity S'lg cubicfeet 
per second, the constant for friction &c. being taken at 
070. The quantity of water coming in at the middle of 
each of the lateral drains would be that due to the rainfall 
on 500 acres, viz. 5"25 cubic feet per second. These drains 
are taken as running the whole 24 hours. The field ditches 
will have i foot width at bottom, slopes ^ to I^ mean depth 
of mnning water 1 foot. Supposing that in Hoods, during 
the time the sluice doors were closed by the tide, the water 
rose I foot above the mean level as before given, and fell at 
low-water to 1 foot below mean level, the drains would hold 
between low and high water a quantity equal to the rainfall 
of five hours. Supposing that in anticipation of a flood, 
and before the water had swollen in the outfall, the water in 
the main drain were run off within 3 feet 6 inches of the 
3ttom, the drains would hold up to 3 feet below the sur- 
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fnce of the land a quantity equal to about one day's rainfall, 
The area of land occupied by these drains would be zSi 
acres, or 1^1 of ihe whole area. If the water had to be pumped, 
and the pumps worked night and day, the area of the drams 
would be proportionately less ; as would also be the case if 
the sluice were situated sufficiently high to allow of a longer 
discharge than seven hours each tide. 

The sluice for this district (Figs. 15, iG, 17, 18) would 
require to have tljree openings of 14 feet each. The water 
would approach with a velocity of vo^^ feet per second; 
a.tid as the piers of this sluice have pointed ends ii may be 
assumed that it would pass tlirough at the same rate, the 
velocity of approach being sufficient to overcome the friction 
due to the sides and bottom of the openings. The depth of 
the water on the sill being S feet, the same as that in the 
main drain, the area of the waterway would be 3 X 140 X 
So = 336*0 X 10816 = 363'43 cubic feet per second."* 

Mr. Wiggins recommends that the main and secondary 
drains should be made to answer the ulterior purpose oi 
fences, as well as of drains to carry-off the suri^ace water; 
and that one of these should entirely surround the reclaimed 
area. "The fences of an intake," he says, "are usually 
marsh ditches or dykes, standing wide and deep eoongh of 
water or miid to prevent cattle attempting to cross them, 
and an intake seldom admits of any other description of 
fence. Such water-fences and drains must, in the first place, 
be drawn all arotind the intake, i-e. from the sluices liy 
which the water is to escape along the land side of the sea- 
bank or wall, and along the edge of the higher lands of the 
adjoining country. The proper dimensions of such fences 
[he appears to be here speaking with regard to the typical 
reclamation of 1,000 acres to which he subsequently refers] are 
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10 feet wide at top, 5 feet wide at bottom, and S feet deepf 
the water always standing 3 feet 6 inches in depth, which 
will be 18 inches below soil ; and the surface of the water 
will be then level with the sill of the sluice, or near thereto 
— since, as the sluices will be in the lowest parts, some 
water will probably always stand on them, unless the intake 
be on a dead level, which is not desirable. By the same 
rule, should any inequalities of level exist on the surface of 
the intake, the dykes or ditches forming the water-fences 
must be dug accordingly, deeper than 5 feet and wider than 
I o feet, so as to have nearly the same . . . depth of water, 
throughout." "° The pyttmg-in of an encircling drain is in 
accordance with Dutch practice. " With regard to general 
drainage, the system adopted in Holland, so far back as 
1650, by Van Ens, and which is not materially altered up 
to the present time [1847], is that of dividing the whole 
conntiy of Polders, iato zones, or districts, each of which is 
on the same level, and is surrounded by its own water 
channel. Thus the higher water flows off into the lower 
channels, and eventually reaches tlie sea, each district being 
drained separately." '" 

While on the subject of the drains, mention must be 
made of One important feature — the delf or delph.'" In 
Holland, "when the dyke is completed, a parallel ditch 
about 10 feel wide is cut at the foot, on the [landward side 
of the] inner slope, in order to receive simultaneously the 
waters which filter through the body of the dyke, and 
those which are thrown over by the waves and extra- 
ordinary high tides, and also with a view to unite and lead 
off, by the dyke sluices, the rain water and springs. 
Between this inner ditch^ and the foot of the dyke, a raised 
benching, or road, generally of 15 feet to 20 feet wide, is 
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Fig. 17,— Large Tidal Sluice. 




ELEVATION OF DRAW DOOR. 
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Fig. 18.— Large Tidal Sluice. 
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30° The heel-post works on a pivot at the bottom, and is 
held in place by an anchor-strap at the toi). These doors 
do not open back flush with the wall, as those of a lock do, 
but stand off sufficiently to allow the rising tide to get in 
behind and act On the back sq as to close them. Tq give 
stability to the structure, the masonry opening is made of 
considerable widtli from in to out, and forms a bridge over 
the drain, The projection of the piers against which the 
doors open is about double the width of the opening, and 
their outer and inner ends are pointed or rounded. On the 
inside of the arch, draw-doors working in grooves are made 
so as to lift up acid let down by a cast-iron toothed bar 
actuated by pinions and gearing- Large draw-doors have 
counterbalance weights, suspended by chains over pulleys. 
These doors are kept open to their full extent in Soods, and 
lowered when the flood is over; they serve to regulate 
height of the water in the drains and ditches for fencing or 
other purposes. 

Smaller sluices, with openings not exceeding 4 to 5 feet, 
are made either with a single door, hung in the same 
manner as already described, or with a " tankard-lid " door, 
hung from the top and frequently provided with a counter- 
balance weight on a lever fastened to the door. 

Ati improved method of hanging flap-doors has been 
designed by Mr. Stoney, whereby such doors may be used 
of considerable size. Attached to- the door is a pair of lever 
bars with counterbalance weights. These bars, instead of 
turning on lixed pivots, are carried on a circular segment, 
■which rocks on a horizontal path, reducing friction and 
rendering the opening and closing very easy. Doors of this 
description, 6 feet 3 inches wide by 4 feet 6 inches high, 
used for the sluices of the Ballyteigue and Kiimore 
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RecIamatioB Vr«ki, were foand to opea vuh a bead of 
I 10 I of an incb. 

In addition to the shnce doocs sx tbe ontlet, it is 
rreqoentljr deniable to place doois at the end of diams dis- 
charging into the maid outfaUs, to pcercDt faockiiig-np of the 
water when it acnimolates daring heary floods and at tide 
time, espMrially if the Enain drain has to receive watcx from 
high land. By the use of doors a. large amoimt of onbank- 
ing may be saved ■ and even where embankments already 
exist they save great pressure and mininuze the risk of a 
breach. 

Great care is required in making the foundations of 

sluices, to prevent water from finding its way under the floor 

during high tides, when, owing to the head on the outside, 

llic power of the water to penetiate through the ground is 

very great. The lands enclosed geuorally consist of 

<leposil3 of alluvial matter; and the site of the sluice being 

on the sea-shore or on a river, the soil is frequendy nothing 

liut silt or £and of such a depth that no material of a more 

tenacious character can be reached within a distance that 

would warrant the foundations being carried down to it. 

W hen the soil consists entirely of silt, the danger to guard 

a[{ainst is that of the water findbg its way under the floor of 

the a[tron and the invert of the culvert. Several cases came 

un'ier Mr. Wheeler's experience where this occurred, the 

uluicci, oiherwigq well built, being left standing on the 

bearing-piles, with the material enrirely washed away from 

under the concrete below the floor. The only reliable 

course to pursue in dealing with foundarions in sand or sill 

is, to build the sluice on bearing-piles and to completely 

box'in the whole of the site covered by the foundation with 

itheet-pilingi driven eight or ten feet below tb>e bed of the 
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channel into which the sluice discharges. Within the boss 
solid bed of cement concrete should be placedj and on this 
the pUuking for the floor. Wings should be carried out with 
box-piUng for some distance on each side, both at the ianes 
and outer ends, to prevent the water making its way roun^ 
outside. The brickwork of the piers and culvert will rest on 
the planking, bearing-piles bemg driven to carry the walls ; 
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Fig. 22.— Small Tidal Sluice. 



and the whole upper part suiTOHnded with puddled clay, Ip 
iixing the depth to which the piles are driven, consideration 
must be given to the probability of the deepening of the out- 
fall by improvements or by natural scour. After the sluice 
has been built, cement-grout should be forced under the flofS 
by pumping it in through holes bored in the planking ana 
afterwards plugged. By this means every cavity becomes filled 
up. Figs. 19, 20, 21, 32 show an example of a small sluice 
of 8 feet OpeningjbuiU on a silt foundation; and FigS,I5,i6, 
17, 18 a larger sluice with three openings of 14 feet eac" 
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In selecting the site for n sluice discharging on the sea- 
>3st, the position chosea should be as sheltered as possible, 
where the sand is least tikely to drift and fill up the outfall. 
Shifting sands are frequently a source of great trouble j and 
where sluices discharge on sandy forelands it often becomes 
necessary to cany the outfall from the sluice for a consider- 
able distance by means of a covered wooden tunnel. 

Where the coast is flat, the water, after leaving the sluiccj 
frequently has to travel through a long Stretch of marsh and 
sandy foreland. Where creeks already exist, it is generally 
necessary to deepen and straighten them. To prevent the 
shifting of the channel through the sand, and its sides from 
being washed down in storms, fascines properly laid in 
place, and bedded with sand, form inexpensive and efficient 
training-walls which with slight care will last for a great 
number of years. 

Where the sluice discharges into a rivcij the site should be 
fixed at a concave bend, where the water is always deeper 
than in other parts and the sill less Hkely to become 
blocked by deposit in dry weather. The position of the 
sluice should be such that the outflowing water may join. 
the ebb current at as small an angle as possible, so as to 
cause a minimum of disturbance at the junction of the 
two Streams, Where the district to be drained is at a low 
level, the sill of the sluice has generally to be placed at the 
lowest leve] to which the river is likely ever to be scoured- 
out or deepened. When every inch of fall is of consequence, 
it may even be advantageous to place it a certain depth 
below the bed of the river. The outflowing water will 
always keep the doors clear; and any deposit that may 
accumulate in summer is soon washed away when rains 
cause the water in the drain to rise. For the purpose of 
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t LOmiltf swzf llns -^t**"*, sbbH alnce-doofs sze pixxd b 
fte btsET dooniBcar ibe boiiaiD: Aaebcng dia«i ij 
aeaBiof rodsvoAcd bygeariBt ponnt acsiTentaC water 
to pam out at low-tide, fazring T^Brimt bcvd to wish mj 
tbe deposit so as to aDov the main doois to open. 



The Tdocirj of wAta doc ta head, is for practical 
puipose* taken as V = 8 V^ X r, aad 



A = 



= (^)' 



'96 



'86 



V ^ Telocity in fcct per seconii. 

^ = height ia feet In the cass of sluices or biidges, 
this is the vertical difference in the surface of 
the water above and below the opening. 

if is a. constant 

= for the opening of a bridge ot sluice with 

pointed piers and smooth masonry . 
= for the opening of a bridge or sluice with 
square-ended piers, or rough masonry, or 
where the doors are so hung as to cause 

eddies 

= for small openings of sluices, as in a lock, 
whether submerged or not, or sluices with 
tankard-lid doors causing resistance on 
all four sides '64 

The quantity of water that will pass through a sluice is 
found by tnuEtiplying the area of the water-way by the 
velocity, the dimensions being taken at the down-stream or 
outer side of the sluice ; the full velocity due to the head 
not being acquired until the lowest level is reached, the 
depth if taken on the inside would give too great a resiult 
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In a. ridal sluice, both the depth of water and the velocity 
"wijl vary, from the time the doors are first ppeoed Until 
they are closed again by the rising tide. The calculation 
must therefore he made on the mean velocity of the water. 
The velocity is governed by the head, less the frictional 
resistance of the sides and the disturbance caused by the 
eddying of the water as it leaves the confined space between 
the walls for the open stream. If the piers have rounded 
OT pointed ends, the frictional resistance will ngt amount 
to 4 per cent. With square ends and rough masonry, the 
loss due to friction will amount to 15 or so per cent. In 
sluices with doors that do not open freely, or with lifting 
doors that are not raised freely out of the water, there is 
resistance on four sides ; and the discharge in such cases 
may amount to no more than 64 per cent, of that due to the 
head. The amount to be allowed for frictional resistance 
must he a matter of judgment determined by the facihty for 
outfiow with the least possible friction or disturbance 
arising from eddies caused by projections. In calculating 
the velocity, allowance has to be made for the head due to the 
velocity with which the water approaches the sluice. If the 
sluice is of sufficient capacity, this will overcome the friction 
and carry the water through without any heading-up. 
■ for example : take the case of a sluice with three 
^enings of 16 feet each, and a depth of 9 feet, the drain 
running with a velocity of 150 feet per second, and dis- 
chargiog 1,200 cubic feet per second. The quantity pass- 
ing through each opening would be 4on feet, and the 
velocity required with the area of the sluice would be 
2778 feet per second. The head required for this velocity, 
allowing 4 per cent, for friction (that is, multiplying by the 
factor '96), would be tjoS feet. Deducting the head due 
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^ 1-50 fact (= -ojlli), kna Ae 



To^ fpaao^ oocBi^ da«m doa Glided br«ei*' 



Had teqnedte tfc^nlDdtr = /|l?i Y= -130S 
LcH fc«ad of ippnadi = (^^2^y= -0381 
Hod leqaxied at sbife 

The propoitioQ. of depdi to total vidtli of the •mzxer 
paniDg ifarough shdces, vaiies in pncdce from one-Tounh 
in die nnaDer tltdoes 10 one-fifth and one-si^th in those of 
larger capadty.'** 

The work reqiured in the constniction of sluices depends 
to much npon circutnstances, that thdi cost^^specbilly 
when viewed in relation to the sire of the open log— differs 
very greatly. The following gives that of some construcieil 
in recent years for drainage- works discharging to the 
Wash "* :— 

Slippery Gowt, on the Witham. Opening 4 feet 6 inches. 
Culvert 25 feet long under the sea-bank, with doors 6 feet 
6 inches high. Built on concrete hoxed-in with sheet- 
piling, Including approach and temporary dam. Tota! 
COM ^380 

Fivie Towns, on the Welland. Built in 18S2. Opening 
8 feet. Culvert 53 feet long. Inclusive of cost of a. new 
nit to the sluice (say) ;£'325, the average of tenders 
wai . . . . ^3,S9S 
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isegate EaUj on the Wellaad. Biiilt in 1S85. Opening 
S feet. Cost ^2,800 

Sutton Lean], on the Nene. Built m 1SS7, Opening 
8 feet. Culvert SS fcet long. Including banks and. 
temporaiy works, Total cost .... ^4,080 

Wainfleet Clough, on the Steeping. Built in i836. 
Openmg i* feet. Built on silt foundation. Total 

cost ......... ;£3,O0O 

Slasker. Two openings, each i* feet 6 inches. Total 
cost ......... iC^°° 



Syphons of iron, led frona the main drain up through 
the bank and down to a point below low-water of spring- 
tides, have been tried as a substitute for sluices. The 
principle is correct ; and if all risks of their running dry 
can be obviated there seems no reason to doubt they 
would prove efficient They have not^ however, come into 
anything even approaching to geoeral use ; and, the ques- 
tion of their employment being eminently a practical one, 
it is to be concluded that upon the whole a sluice is 
preferable. 



Power-Drainage. — The relative cost of wind and steam 
as motive powers for pumping -machinery, has been in- 
vestigated with great care by an American Engineer, Mr. 
A. R. Wolff, whose esrimate, arrived-at by observation of 
actual results, is that " the economy of the windmill averages 
about 2'25 times that of the steara-pnrap, when there is 
included for the latter a charge for boiler capacity, and for 
the services of one-tenth of the time of one man." The 
calculations include interest on capita), repairsj depredation, 
attcndanccj and oil (and coal for the steam-engine), and are 



i88 



ItECLAMATION OF I-ANI>. 



based upon the performances of the best types of steam- 
machineiy and of windmills of American pattern— lie 
latter, it may- be observed, being now obtainable of English 
manuficture, from the Woodcock Worts at Warminster, and 
other makers. " American windmilis," Mr. Wolff saj"S, 
" differ from the European mills . . . most conspicuously 
in the form of wheel receiving the impulse of the -wind. 
Instead of the small nitmber of sails of large vidth, 
commOD to the European or Dutch mills, the American 
wheel is made up of a great number of blades or slats of 
small width. This , , . gives an entirely distinct appearance 
to the American wheel, since it resembles a closed surface 
as compared to the large open spaces between the arms of 
the European mill, though, of course, ample room is pro- 
vid-ed between the slats to permit the free escape of ihc 
impinging air. This division of the receiving-surface of the 
mill . . . enables a much smaller aggregate weight of parts 
for a desired strength, size, and capacity of mill; so that 
the American windmill is lighter in weight, as well as in 
appearance, than the Eiuopean mill."'" 

There is something extremely attracdve in the idea oi 
motive power which in itself {as distinguished from the 
machinery it actuates) costs absoEutely nothing; and it i% 
diflicult to discard the notion that this must be specially 
adapted for the pumping-work of reclaimed land. Unfortu- 
nately, such is not the case ; the one defect in its apphcation 
for this purpose is the uncertainty of the wind. Experience 
in the United States goes to show tliat a windmill wiH on 
the whole perform work equivalent to a daily average of eight 
hours of a i6-inLle wind- This however, cannot be counted- 
upon daily : calms and light airs may intervene and prevail 
for long periods j and the motive power may be entiieli 
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ab-sect at the very time when most needed. While therc' 
fore for domestic water-supply, dynamo-electric machinery, 
and other purposes where the results of intermittent work 
peirformed by a motor can be stored up for use as requiredj 
wind power appears to he effective and inexpensive ; it 
cannot be regarded as comparable to steam power in point 
of availability at short notice and fqr as long a period as 
needful ; an indispensable requirement foi the discharge of 
water from a reclaimed area where it becomes necessary to 
employ an auxiliary to, or substitute for, drainage by 
gravitation. 

Pumps, &o. — The contrivancea in us^e for raising water 
for the drainage of land, are bucket pumps {sometimes 
called piston pumps), Archimedean or screw pumps^ scoop 
wheels, and centrifiigal pumps; and the following is a brief 
abstract of the excellent and comprehensive account given 
of them by Mr. Wheeler. 

Bucket pumps are employed for the drainage of Lake 
Haarlem, and in several districts in England, Trials have 
shown punlps of this sOrt to be as effective as any of the 
machines above mentioned. They are not, however, advan- 
tageous for situations in which the lift is variable ; and the 
valves are ill-adapted to cope with water charged with mud 
and gril, and weeds and pieces of wood which frequently 
find their way to the Inlet. 



The screw pump consists of a cylinder in the centre, 
carrying One or more wide spiral threads, sometimes 
enclosed in a cylindrical external case. The number of 
screws running round the core varies from one in the 
simplest machine to three or four in larger ones. Fig. 23 
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shoffs one having two threads. The ends of the core 
terminate in gudgeons which revolve in bearings, the lower 
one fixed under the water, and the upper one on a beam 
across the delivery-opening. The efficiency per revolution 
of this machine being unaffected by the speed at which it 
runs, it is suitable for being driven by steam, wind, or band 
power. In small pumps, a crank handle is attached to the 
upper part of the core for use by hand. One man can 
raise in an hour at the rate of 1,738 cubic [^^t of water 
lifted one foot high, the pump making 4n revolutions per 
minute. If worked by machinery, the pump is driven by a 
spur-wheel and gearing as shown, 

The water-level on the inlet side may vary without 
affecting the efficiency of the pump, except so far as 
concerns the increased weight due to the greater length 
required to meet the variation. But any change in the 
level on the delivery side immediately affects the efficiency. 
These pumps therefore are not adapted for use where there 
is much change in the level of the water into which they 
discharge. 

The *' spiral angle " is the acute angle which S. line on the 
surface of the core parallel to its axis, makes with a tangent 
to the spiral at the point of intersectian with that line. 
The " tilt" is the angle of the axis of the core with reference 
to the horizon. The best results are obtained with a spiral 
angle of about 40° and a tilt of about 30°. A longitudinal 
secrion through the axis of the core and the thread of the 
screw shows, in pumps of the best form, that the plane of 
the thre:id is not at right-angles with the axis, but forms 
with it an obtuse and an acute one. The pump is most 
efftictive when the acute angle is on the side towards its 
lower end. 
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In pumps working under similar condition^, the dlsdfiarge 
is as the cube of the diameter; and approximately it may 
be taken that, under favourable conditions, a pump one foot 
in diameter ■vrill discharge 0-32 cubic feet of water for every 
revolution. The number of revolutions varies according 
to the kind of power applied and the size of the pump. 
Snsalil pumps of about one foot m diameter may be run at M 
■ 60 revolutions per minute, the large sizes not reaching more 
than 20. For drainage purposes these pumps can be run 
at from 20 to 40 TcvoluCionS per minute. The practical 
limit of height of lift is 14 feetj and of delivery 3,500 cubic 
feet per minute. The Dutch screw pumps work without an 
external casing, the screw Tfivolviag in a semL-cylmdric 
trough of masonry (Fig. 33). The weight of the water is 
thus borne on the masoniy and the screw relieved of _ 
the strain, f 

The efficiency of these pumps is about the same as that of 
scoop wheels, and varies from 50 to So per cent, of the power 
applied. 



un 

]icl 
an I 

=4 



I 



The scoop wheel resembles a breast water-wheel with 
action reversed. In its simplest form (Fig. 25) it consists 
of an axle carrying discs, to which are attached radial anus 
A terminating in the rim B, whereon are fastened arms 
called "start-posts" canying boards C called "scoops." 
On the inside of the rim are cast-iron cogs fastened on in 
segments, and geared into these is a pinion on the shaft of 
the fly-wheel of the engine. In some a wheel F is fixed on 
the axle of the wheel in place of the toothed segments on , 
the rim. The former coustructioa occupies less space, but ■ 
the wheel is more difficult to repair in case of damage to the 
teeth. The wheel revolves in a trough connected at one _ 
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end with the drain and at the Other with the pkce of dis- 
charge. The scoops beat or lift the water from the Eowtr 
10 the upper end, the waterway at the outlet end having a 




Fig. 34.— Scoop Wheel. 



self-acting door E, which closes when thewheel stops. The 
trough in which the wheel revolves is of masonry, carried up 
as high as the centre of the wheel, The inveit is made of 
the same radius as the wheel plus the amount of dearance : 
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the latter IT) the best machines being -,*,>- of an inch at each 
side and at the bottom. In order to allow the water to gel 
freely to the scoops, the inlet raceway is made about one- 
third wider than the wheel, gradually narrowing to its mini- 
mum width at a point vertically below the outer rim of the 
wheel, the angle of convergence at each side being about 
17" from the straight line. The outlet channel should have 
the same width as the trough, and immediately beyond the 




ACTION m A 
Fig. 25.— Scoop Wheel. 



outlet-door it should rapidly widen to the outfall drain ; and 
the outlet-door should be at some distance (say i or li 
times the mairimum Uft) frona a point vertically below the 
extreme range of the scoopsj and prevented from opening 
more than so as to be just parallel to the sides of the trough. 
To prevent the scoops (toth dipping too deep, and the 
wheel from being overloaded, when the drains are in flood, 
the inlet is fitted with ashuttle (A A, Fig. z6) toregtilatethe 
supply. It consists of a wooden framework with a sliding 
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door, fitted in the raceway close up to the wheel, sloping at 
such aa angle as to be tangential to the circumference of the 
wheel. The door has friction-rollers on the side next the 
wheel, running on a frame, and has a balance-weight, and a 
rack and pinion for raising and lifting. A shaft geared to 
the pinion can be carried into the engine-house so that the 
sliutUe may be adjusted in the engine-room, a float indicator 



Fig. 26,— Scoop WTieel wiU» SiutUe and MovatJe Br«asf. 

being also placed there to show the height of the water. 
When ihe wheel has to contend with a great depth of water 
on the outside owing to floods or abnormally high tides, the 
scoops as they come round churn up a large quantity with- 
out discharging it : the wheel thus becomes choked, and its 
free discharge impeded. To obviate this, an iron plate, 
hinged to another plate which lies on the floor of the outlet 
channel, is fitted in a recess cut in the masonry of the outlet 
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maximum efficiency reaching the very high figure of ^1*97 
per cent. 



i 
1 



The centrifugal pump consists of an outer case havmg 
inlet and outlet pipes, in which revolves a fan at a high 
velocity. This high velocity adapts it well for gearing 
direct to engines niniiing at high speeds. A vety large dis 
placement of water is effected in a short time. The laachjnei 
are compact and occupysniall space. The weight being about 
one-twentieth that of a. scoop wheel, the area of buildings- 
required is small, and the cost of foundations comparatively 
inexpensive. The first outlay is also considerably less ; the 
average difference of cost of pum ping-stations erected in 
Holland during recent years Is^ao per actual horse-power 
in favour of the pumps. Another great advantage of the 
centrifugal pump is that it readily adapts itself to the vaiy- 
itjg lift which must be encyjuntered in most drainage* 
stations, and automatically adjusts the work thrown on the " 
engine as the lift varies. At first starting, the engine-drain 
is full and at its highest level. The lift being therefore 
smaller, the pump discharges a larg^er volume of water ; as 
the water in the drain lowers, the lift increases and the ' 
fiuantity pumped diminishes in proportion, giving moretimel 
for the water to flow from the distant drains down to the 
engine-drain and keep it fed. Further, when permanent 
settlement of the land occurs, the cost of adapting a pump 
is trifling, all that is necessary being a lengthening of thefl 
inlet pipe. Where proper precautions are taken by protect- 
ing the approach to the pump with gratings across the 
entrance to the raceway, no practical difficulty has betriB 
found to arise frOm weeds and other substances which fiud 
their way into the pump-well. 
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There are two types of these pumps : the one having a 
horizonlal spindle, and being aSmost invariably fixed above 
the level of the water ; the other of the turbine form, having 
a vertical spindle, the fan and case being submei^ed. All 
the larger stations in England have been fitted with the 
turbine form, while in Holland and Italy the pump with 
horizontal spmdle has been most generally Used. 

The pumps having horizontal spindles are, owing to the 
ease with which they can be fixed, eminently adapted foe 
temporary purposes, and for drainage in places where it is 
not considered destrable to cut through a river- bank. For 
snaal! drainage areas puraps of this type are preferable to 
those which are subraergedj owing to the greater facility of 
access to the fan should it become choked with weeds, ropes, 
Or Other matter liable to be twisted round the blades. Sub- 
stances, intruding through the protecting gratings, that will 
readdy pass through the openings in large pumps, frequently 
get wrapped round the fans and spindles of the smaller 
pumps ; and if not actually bringing the pUmp to a stand- 
still, seriously affect its efficiency and throw a greater strain 
on the engine. 

Pumps with horizontal spindles require charging whh 
water before they can be started: this can be done by a 
small donkey-pump, or by exhausting the air by a steam- 
jet. 

The turbine type of pump (Fig. 27) has a vertical spindle, 
and must be placed below the water, at the lowest level frqm 
which the water Is to be pumped. Pumps with single fans 
can be run at 3 smaller number of revolutions than those 
with two^an advantage when used for drainage purposes. 
The pump is fixed in an iron case or a brick well, the outlet 
from which is at the lowest level to which the water m the 
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outlet channel is ever likely to fall : there should be not less 
than 2 feet of water over the pump, since within reasonahle 
Eimits its depth below the surface does not appreciably add 
to the work to be done. No delivery or suction pipes ire 
required. The openiag in the well is protected by a self- 




Fig, ay, — Cenlrtftigal E^Jmp: Turbine type. 



acting valve to prevent back flow when the pump is not 
working, or doors are placed at the end of the channel lead- 
ing into the mam outfall drain. The pamp ts hung by its 
spindle to a girder across the top of the well, by an 

accessible gun-metal bearing; and the spindle is stayed by 
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horizontal guides in the well. No foot-step is required ; and 
the fan can at any lime betalten out for repairs, and replaced, 
without emptying the water from the pump-well. The case 
or well should be so arranged that it can at any time be 
pumped dry if necessary — a precaution seldom needed. No 
valves are required, the pump being always charged and 
ready for starting ; and being covered by a considerable 
depth of water, it is free from the action of frost— the water 
left in a pump exposed to it being Jiable to freeze and burst 
the case. The frictioTi of the water along the suction and 
delivery pipes necessary in the other type of putnp, is also 
avoided. 

The action of a centrifugal purap of either type te as 
follows : — As soon as the fan begins to revolve, the blades 
carry with them the water, which is then pushed iorward 
sind driven into the case partly by the action of the blades 
propelling it, and partly by the centrifugal action of the 
rapid rotary motion caused by the fan. The place of the 
water ejtpelkd from the fan is immediately filled by a fresh 
supply from the inlet. The water driven out by the fan is 
propelled along the discharge passage or rises tip the well 
until the outlet is reached. A continuous stream is thus 
created, and the water is kept in motion along its who'e 
passage. The discharge increases with the increase of 
velocity, a small increase in the number of revolutions pro- 
ducing a large increase in the delivery. Unless the speed 
at which the pump is intended to run is attained, the machine 
does notworV at its best, and fuel is wasted. It is there- 
fore important that the engine-man in charge should know 
the velocity for which his pump is speeded. Makers usually 
furnish particulars whereby the quantity discharged can be 
ascertained when the lift and speed are known. 
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The great advantage a centriTugal pump has overall other 
machines for raising water for (he drainage of land where 
the lift is constantly varying owing to the rise and (all of 
the tide iti the oulfal! river or the lowering of the water in 
the inside drains as the pumping proceeds, is that it adapts 
itself to iJiese variations in the lift without any alteration io 
the speed of the engine, employment of differential gear, or 
attention on the part of the engine-driver. If kept working 
at the ordinary speed, the pump will discharge either more 
or less water according as the hft diminishes or increases. 

The various sizes of these pumps are generally described 
from the diameter of the inlet pipe ^ a " 30-inch pump" 
would be one having a suction pipe 30 inches diameter at 
the inleL 

In best-class pumps with low lifts, such as are required for 
drainage purposes, the following may he taken approxi- 
mately as the rate of discharge ; the amounts given are 
above those attained by pumps in ordinary use : — 
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The duty to be expected from a centrilugal pump of the 
best construction used for drainage purposes may be taken 
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at about 70 per cent., the efTectivenesa diminishing, in 
small-sized pumps arid in those not of the best construction, 
to 50 per cent"" 



Steam-engines. — Engines used for dra.ining land should 
always be of as simple a character as possible, free from 
all complicated parts, and of the best workmanship and 
ample strength. The more nearly they approach the type 
of engines used for agricultural purposes, the]ess will be the 
difficulty in obtaining experienced engine-men. The fewer 
parts of a simple machine reduce the risk of breakdowns; 
and drivers of the agricultural class have generally sufficient 
intelligence to deal at least for a tireiie with such accidents 
as may happen. In the case of engines used in pumping 
mines, or for town water-supply, or for similar purposes, 
experienced men and skilled mechanicsare at hand to carry 
out repairs and rapidly remedy defects : in the event of a 
mishap with a drainage-engine, a messenger has to be 
dispatched from some out-of-the-way place to a perhaps 
distant town to obtain the services of an engine-fitter. 

In recent pumping -stations, in England no one parlicular 
class of engine prevails. In Holland the type of engine 
most commonly in use is the horizontal condensing single 
cylinder ; but there, as also in France and Italy, direct 
acting horizontal compound engines have most generally 
been applied for driving centrifugal pumps. Vertical 
engines require less foundations, and are less subject to 
strain if (a common occurrence in fen-land) settlement of 
the foundation takes place, than those qf horizontal type. 
Where the area of land is small, say not exceeding 2,000 
acres, and therefore not sufficient to warrant the cost of 
brick buildings, the most economical arrangement is to use 
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3 semi portable engine dn^'i^g a centrifugal pump, the whole 
enclosed in a galvaoized-iron shed. The cost of founda- 
tions and erection of a chimney is thns avoided. The 
jiunnp can be driven by belt or by direct geariog frora Ite 
ciank-shaft. 

Although in drainage-engines the saving of coal as 
between one type of en^ne and another may not be of snch 
consequence as in engines used for comrnercial purposes, 
yet the total consumption is important, because on this 
principally depends the annual cost of the pomping-station 
and the amount of taxes required to meet expenses. If 
more fuel than necessary is used, this Is due to some faalt 
of engine-man, engine, or pump. The excess has to be paiil 
for. A good engine-man may save his ivages many times 
over by careful stoVing : an incompetent man may not only 
nin up the coal bill, but do serious damage to the machinecy 
by bad management. 

Dutch Engineers in their contracts for engines &c, gener- 
ally stipulate that the coal consumed shall not exteed 
6-6o lb. per horse-power per hour for water actually raised 
(W.H.P.). Allowing an efficiency of 55 for the machineiy, 
this is equal to y6^ lb. per indicated horse-power (I.H.P.). 
Some of the best pumping-engines for land drainage in this 
country consume from 41b. to 4*5 lb. per I.H.P, (^yzg lb. 
to 8-25 lb. per W.H.P.) per hour. At the trials of the 
machinery put up at Fos, Bouches du Rhone, the consump- 
tion was at the rate of 247 lb. per I.H.P, (= 4-45 ib, per 
W.H.P.) ; and in that for drainage of the Ferrara marshes 
2-s lb. per I.H.P. (= 4 lb. per W.H.P.) per hour. 



Engine -Drains. -^ Pumping - machinery should bei 
adequate to the maxitiium rainfall of wet years. Assuming; 
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for example an area of i,ooo acres, with a lift of 5 feet, and 
daily rainfall of i inch ; this is equal to 39,394 lb, lifted 
5 feet every rainute, or 196,970 foot-pounds, which divided 
by 33,00a the unit of horsepower, is equal to 6 horse- 
power.'" Allowing that 50 per cent, is absorbed in over- 
coming friction and leakage, 12 I.H.P. would be required. 
This 13 on the supposition that the engine during extreme 
floods is running night and day, which in cases of emergency 
is generally done. If the work is required to be done in 
less time, the power required will be proportionately larger. 
The best adv3Dtage is obtained when the machinery runs 
continuously night and day. If ihe drains are capable of 
dehvering a full supply, a pump works at its best, and the 
scoops of a wheel being fully charged deliver their full 
quantity with less lift Chan if the water-level is lowered and 
gathers again during the night. The coals used in getting 
up steam and re-starting are saved, and usually a better 
result is obtained. If the machinery does not run at night, 
it will have to be so much larger as to be capable of dis- 
charging in 1:4 or 1 6 hours (as the case may be) the rainfall 
of 24 hours, and the drains must be proportionately large 
to supply the increased capacity of the pump or wheel. The 
wages of the night men for the short time they are required 
will not, in the case of a large pumping -station, amount to 
so much as the annual payment of interest and sinking-fund 
On the extra cost of the machinery and drains. If the main 
interior drains of the reclaimed area are of sufficient 
capacity^ an inclination of even 2 inches per mile will be 
enough to bring the water to the pump ; these drains, and 
especially the main engine-drain, serve not only as conveyers 
of water to the pump, but also as reservoirs to collect it 
when the engine is not lunning, and should theiefore be 
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larger than shown by a calculation founded merely on then 
discha.rgiiig capacity. When steam is once up, it is bad 
management to allow the engine to stand still for the water 
to gather because the drains are not of sufficieQt capacity to 
keep up the supply. '"^ 

Pumping- Btations. — The cost of erectiDg a puraping- 
station depends upon the circumstances of each case, and 
docs not appear to bear any definite relation to the area to 
be drained or to the lift of water. The mean of seven some* 
what typical stations, of very different acreage and engine- 
power, gives the cost fot buildings and machiDciy as 
j£'o'74 per acre of land drained, the maximum being j^i'Sj, 
and the minimum ^o'20. For the cost per W.H.P, em- 
ployedf the five of these stations of which the data admit 
of the calculation give a mean of £&i'7i, the maximum 
being ;£ioi*o8) and the naiaimum j^sS'ga"" Mr. Wheeler, 
well acquainted with the subjectf considers from ^70 to 
£So per W.H.P. may be in a general way taken to 
Tepresent the cost. 

The annual cost of maintenance and working- charges 
seems to average, per acre of land drained 9'48d,, or per 
acre per foot of lift z-zd. 



CHAPTER V. 



7!ff£- MAINTENANCE AND REPAID. 



The importance of strengthening and preserving tlie fore- 
land has already (p, 140) been touched upon. It may here 
be added, thai where the nature of the foreland is such as 
to allow of the growth, of vegetation upon it, this may be 
promoted by cutting sods from the marsh already formed, 
laying them about, singly, on the site, and pegging them 
down ; they become fixed, and the grass gradually spreads 
until the separate sods are united and the whole surface 
covered. This method^ locally termed *' inoculation," is in 
many places practised with success, and deserves considera- 
tion all the more because, when the land-waters that 
formerly kept open the creeks and rills are diverted into the 
permanent outfalls from the sluices, their old beds, after 
being bushed and properly filled up, may with advantage be 
thus gragSed Over, (See also infra p, 229,) 



k 



Not less important is the care of the bank itself. The 
expense of its mamtenance will of course be aifected by 
the degree of soundness of the work bestowed upon its con- 
struction ; but be this greater or less, its durabihty will 
nevertheless in great measure depend upon the attention 
subsequently paid to keeping it in good condition. Although 
disasters occurring to sea-walls are generally attributed tq 
some exceptionall/ severe storm^ there can be tittle doubt 
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consists in plastering up and filling the fissures wil 
sea-mud. 

" It takes about one floor and a quarter to side . 
length, in ordinary cases . . . ; but in another case, seven 
floors sided a to-roofc wall for 6 rods in length. The 
expense of siding myst, however, of course depend entirety 
on the quantity of material employed, and this having to be 
more carefully placed or packed of unequal thickness in 
places, is worth more than the more "bulky work of repairing 
the bank ; it depends however rnuch on the nature of 
earth, its distance, and the quantity to be added." "=* 

In Holland, it is considered inexpedient to allc 
pasturing on the bank to be begun until the second 
third year, or at any time to allow it to continue after the 
ist of October. Low places and cracks are filled in tt 
spring with fine earth. Pasturing by cattle is regarded 
the best means of preserving the grass on the bank in good 
condition. Calves and sheep are not allowed, because the 
graze too closely j nor horses, because their hoofs cut 
sod.i« 

As regards the manner of pasturing, it may here hT 
observed that grass, if close-cropped, especially by sheej 
develops small and fine roots^ but covers the surface with 
compact carpet of turf ; while, if suffered to grow rank, i 
is apt to coarsen and run into tussocks, which disturbttl, 
they are liable to be when pastured by cattle, are apt to 
leave holes in the bare soil. The question is one for agtil 
cultural experience and expediency rather than for a^ 
Engineer to decide : it certainly demands careful con- 
sideration. ■ 

" Trees on dikes are highly prejudicial. They preveat 
the dikes from becoming thoroughly dry. Grass does nc 
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grow well in their shade or under their influence. They 
are shaken even to their roots by heavy winds and the 
ground loosened accordingly. Add to this, that there are 
frequently cavities under the arch of the roots of large and 
especially [of] old trees, and that considerable streams of 
water may be conducted through the dike by means of the 
lateral roots. The latter are subject to decay and then 
constitute formidable channels." '" 



Where a bank has proper slopes, and is of sound and 
good construction, a serious breach rarely occurs by direct 
action of the sea on the outward facej the danger to be 
apprehended being rather thai of the waves rolling over tlie 
top during a coincidence of heavy storna with unusnally 
high tide, cutting-up the land slope, and yndemining its 
foot. The support afforded by the backing being once 
lost, the outer face gives way, and a breach ensues. Such 
at least is the teaching of eiperience with respect to banks 
in Jutland fgf. p, 50}, and there is no suf&cient ground 
for supposing the matter to be otherwise in this country, 
In case of emergency, then, the main object must be to 
avert disaster by a ternporaiy raising of the bank. Rows, 
4 feet apart, of stakes are driven into the top of the bank, 
and planks or fascines secured to them, the space between 
being filled with earth. When fascines or planks are not 
readily procurable, ctay, brushwood, stones, and sand-bags 
are rammed in between the stakes, and the heads of the 
stakes are then bound together. In this manner a bank 
can be easily and quickly heightened 3 or 4 feet. The bank 
itself being above highest tide level, the overflow to be 
guarded agaitist is little more than that due to the breaking 
and run of the waves ; andj slight as seems the barrier thu* 
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raised, it has beet] found effectual : a sudden danger has 
more than ooce been thus averted and the land saved from 
inundation, In view of possible recurrence of a like eveat, 
the work so executed will advisably be left in place as an 
additional storm-bank, earth and turves being added as 
opporftinily offers, by way of making it stanch and per- 
manent at small extra cost. 
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The following recorameodations relating to Dutch practice 
in the matter of repairs, will be found useful and worthy 
adoption, being equally applicable to banks in thi 
country : — 

Damages should "be speedily repairedj or they will lead to 
increased trouble and cost. If the sodding be injured and 
the slope badly washed, the damaged spots should bc 
levelled-o£F and the place covered with a krammat or a 
dressing of brushwood, If the damage occurs in winter, a 
permanent filling of the gaps or holes in the facing is not 
recommended, il being difficult to secure a good and firm 
sod during the winter season, and there is risk of storms 
washing away the new work. It is best therefore to adopt 
adequate though only palliative measures, and to postpone 
the complete restoration of the slope to a later season ; and 
filHng-iii with fresb earth or clay should be resorted-to only 
in extreme and unmistakably urgent cases. Brushwood 
dressing should be used in places previously protected by it, 
or where krammat would be insufficient. Emsbwood is 
especially recommended where the earth is S'o much injured 
that paring-away without filling would not make a slope 
suitable for the reception of a krammat ; because brush, 
by tight and strong wattling, can be made to stand at a 
much steeper slope, and is much better as a protection 
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flew eaith if that must be used. The greater cost of brash- 
wood dressing is in some measure made up for by the fact 
that most of the material cart be saved and used again, 

ir, as often happens, the outer slope is so far cut away by 
the storm as to encroach upon the crown, it becomes 
difficult to restore the slope so that a brushwood dressing 
will stand, without a filling of some kind. Then fascine- 
WOrk may be resorted to, or a facing of Stakes or timbers 
backed by hurdles or planking. The foot of such astructure 
needs protection against wash. For this purpose, the 
bottom plank of the revetment may be sunk 8 or 12 inches 
in the ground, or short upright planks may be driven. If 
preferred, a layer of brush or straw, of good thickness and 
•6 or S feet wide, maybe secured at the foot of the revetment. 
If the slope is covered with stone, and this be so injured 
that it cannot beat once restored (as, if possible, it ought 
to be), the displaced and injured material should be cleared 
away and replaced by a good facing of brushwood, or, if 
the bank is so washed-out as to need filling, by fascine-work 
made up to a good face. 

One of the most serious accidents that can happen is a 
sudden sinking or collapse of the bank, caused by under- 
mining below water. These slips are not always the result 
of storms, being sometimes due to the steady action of 
currents, and frequently occur in time of calm weather. 
In general, the first thing to be done is to build up the bank 
under water with fascine-work to prevetit fiirEher sliding. 
When the damage is not extensive, this work may be 
carried on Until the sea-slope is rebuilt- The fascines are 
laid in tiers, and weighted with cubes of clay [as described 
at pp. 133-136, ijS for the construction of iraitiing- 
walla and the sides of channels]. If the injury extends to 
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the inner slope, it may be necessary to build a new bank on 
the !and side of the old one.'" 

The important pan played by fascine- work in construction 
of banks and training-walls seated below low-water mark as 
well as above that level, has been shown when treating 
of the subject (pp. 75-7J, 83, 133]. How great 3 
difference of opinion may exist on points of practice, is 
evidenced by contrast of the preceding paragraph with the 
following ; — " If a slip takes place, in any part of tidal em- 
bankments, great care must be observed not to allow any 
fascines to be used, as there is always a danger and liability 
of fagots forming conductors for the water." '■'* 



I 
I 



When a breach occurs, the work of repair may be far 
more difficult and expensive than that of closing tidal open- 
ings left during construction r Unlike these, it has no 
flooring, side-guards, or aprons, and is almost always C^-* 
any rate in the first instance) much narrower relatively to 
the quantity of water passing in and out at each tide. The 
result is a much greater velocity of currect, a more or less 
rapid deepening of the bed by scour, and a wasting-away of 
the sides. The last is of small consequence, the difficulty 
of closing being due to the deepenipg of the bed, and the 
velocity — sometimes 8 or 10 miles and upwards per hour, of 
the tidal stream. Hence the impolicy of delay in the com- 
mencement of repairs : every tide working further mischief 
And enhancing the difhculty and ultimate cost of making ■ 
good. Matters ace even worse when, as at St. Germains 
on the Middle Level and in other cases, the breach is 
caused by the failure of a sluice ; because the drainage this I 
carried cannot always be led to and got rid of by other 
existiDg ones, and provision for its discharge has to be 
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oiade by building a new sluice or possibly sluices, which 
can rarely if ever be done exactly on the site of the old one. 
This involves some alteration and perhaps diversion of the 
outfall drain ; and if much scour has there taken place — 
that of the MiddLe Level had for a quarter of a mile been 
scoured-out to a depth of 15 feet below its original bed^ 
the portion abandoned at and near the breach may prove 
a source of additional difficulty. 

Owing to the fact that the particular conditions and 
cumstaqces of each individual case of breach have to be 
taken into account and deald-with accordingly, it is not 
possible to lay down any fixed rule for the work of repair. 
All that can be done is to indicate methods of procedure 
which have been followed in various similar works, leaving 
to the Engineer the selection of the one best suited to the 
requirements of the affair he has in liand. Three points, 
however, having a practical bearing upon almost all cases, 
may be premised. 

' First : — Working " in the dry" is far easier than working 
below water: if therefore the method adopted for closing 
the breach admits of it, it is desirable that the bottom of 
the opening be as soon as possible brought up to low-tide 
level. Experience goes to show that the readiest, safest, 
and most effectual way of doing this is by the use of mat' 
tiessing aud loading, Mr. MuUer, who had considerable 
experience in the matter, says : — " Filling up a gap by thia 
method possesses the great advantage that there is com- 
paratively no loss, or displacement of the material. There 
is no chance of any scouring taking place under the cradle, 
and the hollows between the lumps of clay and stone being 
soon filled up with sand by the tide, the bottom of the 
creek or gap is, in a few hours, permanently raised several 
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feet. The sides of the opening are next protected with 
similar cradles, the lower end of each resting on that trst 
laid^ Subsequently, other cradles iare sunk over these, 
until the work reaches low-water mark, when the width of 
the embankment is gradually increased, by throwing in sods 
On the outer side, protected by fascine wOrfc, weighted witt 
stone. The same process is then pursued on the innci 
side. . . . From his own experience he believed, that by 
adopting the system of laying layer upon layer, horizon- 
tally, the largest breaches could be easily closed. ... Be- 
tween 1853 and i860, he had successfully closed aevea 
large openings, the greatest depth of which varied from 
78 feet to 42 feet, below the level of high water. The size 
of the cradles need Only be hmited by the Strength of the 
cuirent, and the facilities which e&isted for sinking 
them." ^« 

Second ; — However low the bottom of the opening, the 
water on the intindated area will never fall below low-tide 
level; apd therefore the lowest level to which it cao be 
reduced by gravitation will not be affected by bringing up 
the bottom of the opening to that height. 

Third ; — If the inundated area is large, and the discharge- 
capacity of the breach insufficient, the iimpOuUded water 
will be held up so long that it may not fall to low-water 
level before the tide again rises : the velocity of the current 
will be Unduly high ; and these together will occasion more 
difficulty in the work than, a greater length of closure made 
in water whose flow is less rapid and whose level more 
closely agrees with that of the tide, It is therefore almost 
always advantageous to widen to the requisite extent the 
opening above low-water mart, protecting its sides with 
fasciue-work and its outlet and inlet with aprons. These 
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latter, being at and below water level, will be best made by 
laying as foundation a mattress with strongly wattled com- 
partments filled with sand-bags, sods, and stone: this, if 
properly done, should withstand any amount of wash to 
which it is likely to be exposed ; and the overfall upon it 
will be but slight, since the water on the inside of the breach 
will rise and fall practically as fast as the tide. 



From low-water level upwards, the closure will be made : 
a) By raising earthwork In layers in the breach : i) By 
forming a skeleton dam of piles, and planking and tilling 
up : £) By an arrangement of sUding panels that -can be 
simultaneously lowered so as to close the whole opening at 
otice ; or jif) By fonning an inset bank on the landward 
side of the breach, 

ij) The raising of earthwork in layers proceeds in much 
the sanae way as described for a new bank, so far as regards 
the supplying of material and its spreading and ramming. 
But since in the present case it will have to be commenced 
at low-water level, closure cannot be completed in a single 
tide: the slopes and top of the work will therefore require 
protection as the tide rises. The impounded water, in- 
creasing in depth as the closure proceeds, will probably 
cause some inconvenience in carrying on operations, but 
will be to some extent kept down by the sluices, so that the 
top of the work will not long remain awash after the tide 
has sunk below that liCvel; atid material for filling can be 
supplied by conveyance along the bank, or by barge. 

b} A closure made by a dam of double planking secured 
to open rows of piles and brought up and filled-in by de- 
grees in horizontal layers, will require a staging for the men 
in addition to the width of the dam itself. The piles must 



2l8 



RECLAMATIOX OF lAKD. 



te well stTdtterl on both sides, to snstain the ptesstrre of ths 
■water. The planking and fillin g must be closely folloffel 
op by a backing of saclts filled with clay and sand pni^dled 
together, packed dose agaiost both sides of the dam ^ni. 
fonned with a slope not less than i^ to i and flaner if 
possible — this requirement of strutting and backing applies 
also to the work of closure in a new bank. It 15 qti«tioD- 
able whether even in the latter case such a dam can aJwajs 
be brought up fast eaoagh to dose in a single tide : in that 
of a breach it almost certainly can noL 

c) The airangemeots for sliding panels, in closing the 
Middle Level drain for repair of the breach caused bf 
failure of Sl Gennains sluice, are thus described. "Tem- 
porary piles were screwed into the ground in the first in- 
stance, and a platform was erected ihereOn, to form a 
staging for the pile-driirnng engimes. When this was done, 
the permanenE pile-work was commenced, by driviDg two 
rows of sheet-piling, 35 feet apart, transversely down the 
slope of the drain on each sJde. This sheet-piling extended 
from the centres of the banks to within about 20 feet of the 
bottom of the drain, leaving a space of so feet on each 
slope and of 48 feet (the bottom horizontal width of the 
drain), together equal to a central space of S8 feet of 
cofferdam to be completed. This portion of the dam was 
thus cohstructed : — Piles of whole timbers Tvere driven on 
each side, so that when in place they would be in pairs, 
7 feet 6 inches apart, from centre to centre. The piles iafl 
each pair were placed back to back, a space being left 
between them of 7 inches, this distance being preserved by 
H central piece 7 inches by 3 inches. These piles weri 
driven separately, one of the piles, with the distance-piece 
attached, being first driven, and afterwards the second pile. 
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The grooves thus left were for the reception of sliding 
panels, to be used in order to fill up the spaces between 
these several twin piles. These piles could only be pitched 
during the few minutes of slack water. Waling pieces of 
whole timbers WiCre fixed to the inside and the outside, both 
at the top, and also as near to the low water level as pos- 
sible. As the piles were driven, proper stmts and ties were 
inserted to stiffen and strengthen the dam, and strongly 
frariied raking struts were fixed, abutting against the dam 
and against abutments, compoEed of piles backed with 
concrete, on the land, . . , The panels are composed of a 
series of timbers (7 inches thick, and of the length neces- 
sary to enable them to slide into the grooves)^ fastened 
together by bolts i^ inch diameter, and further strength- 
ened and weighted by flat wrought-iron plates on one 
side, each plate being 6 inches wide by i inch thick. In 
Older to put these panels in place, a frame was erected, 
from, which they were suspended, and from which they 
could be lowered, and raised again if necessary, by pulleys." 
The panels were put-in in three tiers. Those " in the first, 
or lower tier were each 7 feet deep. They were pointed at 
the lower end, so that they could be driven down some 
depth into the mud j and when all those of the first set 
were driven, another set was put in. These latter were of 
variable depths, inasmuch as the first seiies cOuld not all be 
driven to the same level, and the lengths of the second set 
were so arranged as to raise the panelling uniformly to the 
level of about low water of spring tides. Whilst the panels 
were being driven, and after they were down, the Operation 
of throwing in sacks of clay and gravel, both on the inside 
and the outside of the dam, was persevered in." The top 
tier of panels was la feet deep, and its lowering into place 
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occupied about twenty minutes. The backing was filled-ifl 
as fast as possible. "About 3,000 yards of clay with 
several hundred siacfcs of gravel and clunch were prepared 
for the operation, and 800 men were in readiness to put 
these materials in place, from several barrow-roads and 
waggoD roads ; and so perfect were the arrangements, that 
the raising of llie dann inside was kept in advance of the 
rise of the tide, and before high water the operation was 
completed," "" This dam being across a drain embanked 
on each side, it would not have been possible to widen the 
opening ; and the difficulty of the work was greatly aug- 
mented by the strong current, and an overfall sometimes 
amounting to 5 feet, due to the narrowness of the water- 
way, which was less than one-fourth of what would be given 
to a prearranged tidal opening, and even this was further 
reduced by the sheet-piling at the sides ; so that during 
progress it was scarcely possible to maintain the aprons and 
backing, which were continually being broken up and 
washed away. 

The requisite piles having been driven through the mat- 
tressing and filling whereby the bottom of the breach has 
been brought up to low-water level, its surface should be 
covered with a layer of puddled clay and sand 3 feet or 
3 feet 6 inches thick, in which is sunk, well bedded and 
stanched, a bottom tier of the sliding panels, their top 
Standing some ? feet 6 inches above low-waCer kvel ; the 
aprons being made up nearly to this height. The im- 
pounded water will be thereby raised, but its head will be 
so small as to occasion no trouble, and the panels thus 
fixed will form a good junction for the tier above. The top 
and bottom of all the panels should have a bevelled edge 
so as to make a tight joint The length of the uppex 
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will depend upon the range of tide : if this is so great as to 
render them too heavy- or difficult to handle, they Cat] be in 
two or evcQ more lengths (the fewer the better) ; hut 
arrangements must be made for completion of the panelling 
to its full height in one operation, and sufficient men and 
matcriab provided to fotlow-up with the backing on the 
inside in advance of the rise of tide. When the dam iS 
securely closed, the filling and slopes must be completed. 
with the least possible delay. 

rf) An inset hank affords in some cases the easiest means 
of stopping a breach, especially where a sluice has been 
destroyed and, in order to avoid interference with the 
existing drains, or for other reasons, it is desired to reinstate 
it as nearly as possible in its former situation. 

The sluice, if otie be requited in the inset bank, is first 
constructed, a cofferdam for the purpose being so placed as 
not to reduce the width of the breach, whereof however, the 
original width need not be increased unless dangerously 
rapid Scour or other serious injury is taking place. The 
inset bank is then butU, returned into the main bank at 
each end so as to shut off between the breach and the inun- 
dated area, an opening in it being left of sufficient ft-idth 
to reduce the speed of the tidal current to a working 
rate ; and when all is ready, this opening is shut up iu 
the ordinaiy manner. The area enclosed being small, no 
injury is likely to be occasioned to the sides of the breach 
by inflow and outflow when the inset bank is completed ; 
but as a safeguard against wavc-action they should be pro- 
tected by strong fascine-work. The danger to be appre- 
hended is that of the sihing-up of the sluice. For avoid- 
ance of this risk, and as a general principle, the preferable 
procedure is to form a cofferdam on the inside and outside 
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of the main banlt^ leaving room between the cofferdam am 
the breach for the return of the inset bank into the main 
bank io u not to include the sluice; and to put-in the 
sluice through the bank so as to discbarge on the outside ail 
the fonner one did. The sluice thus placed may so reduce" 
the tidal current as lo allow the breach to be closed direct 
Ifuot, an inset bank can then be built; and when the udtM 
is thus excluded from the inundated area, there should be 
no dii!icu]ty in closing the breach and restoring the main 
bank to its original condition : after which the inset bank 
is no longer needed. ^ 



The repair and restoration of old and wasted sea-banlcs 
proceeds upon the same principles and in the same manner 
as in the foregoing pages described for the construction of 
new works t there does not appear to be anything in pro- 
cedure differing from that already set forth, or needing 
special notice. There is in fact in the case of the fonner a 
particular advantage, inasmuch as what remains of them 
Serves as an already established framework or skeleton 
whereon to build up and close in the new work.'*^ 



CHAPTER VI. 



WARPING. 



The aUiivial and other matter hdd ia suspension in river- 
water, and in that of the sea near the shore, is in general 
of a high degree of fertiJity; and warping — or the accumu- 
latitig of those sutstances by subsidence upon the land 
whiie temporarily covered by the water, is a matter of very 
considerable importance as a means of raising the surface 
and improving the soil of an area embaaked or to be 
embanked for reclamation and of the foreland belonging to 
it. Two modes of procedure are in use for the purpose ; — 
groyning; and letting-in warp-charged water to settle. 

The water of rivers being more highly charged with warp, 
and that of more fertUe nature, than is the case with sea- 
water, warping on a tidal river goes on more expeditiously, 
and with more profitable result to the quality of the land ; 
while at the same time, owing to the comparatively sheltered 
situation of the site operated upon, with much more ease, 
than when dealing with the sea. The amount by which land 
can be raised by warping depends upon its original levels as 
the surface of the warp when completed cannot be higher 
than that of the tide at high-water; and where the land in 
its original stale lies but a foot or EO below this, the warp 
will of course be very shallow. The process of river- 
warping has been well described by Mr. T. C. Smith' 
Woolley, F.S.I., and is briefly as follows : — 

The river being shut out from the area to be warped, a 
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sluice is put into the river-bankv of a sue proportional to the 
area to be covered and the distance of tlie furthest point. 
It differs in no essential respect from a sluice for drainage, 
and most warping sluices are used as drainage sluicts when 
their original purpose has teen fulfilled. 

The area is next divided into compartments ; and the 
one intended to be warped first is banked in, the top of the 
bank Iwing made of unifonn level throughout. The ground 
is rqughJy levelled, and hillocks are removed and thrown 
into the hollows or else used for the banks. Judgment has 
to be exercised in levelling, because when the ground rises 
to a considerable height within a compartment, the cost of 
removing it will sometimes be too large, if the material is in 
excess of that required for the embankment and no part of 
the area lies much below high-tide level. In such cases, it 
is usual to leave in their natural condition the hiifs which 
rise above high-water mark, and they may often with 
advantage be planted with larch, Scotch fir, or other treea 
Where at tlie margin of the compartment the land rises rapidly 
above high-tide level, it serves the purpose of a bank, which 
at that place need not be constrticted. 

The compartment being embanked, the beginning of the 
main drain is cut firom the sluice, supposing, as is usually 
the case, that the first compartment does not immediately 
adjoin the river, but that there is between them an intervat 
of land not requiring warping. The sluice gates are then 
ope-ned and the tide admitted. There are usually two or 
more openings to the sluice, and at first it is best to optn 
only one of them, so as to prevent injury to the newty-made 
banks. It is a mistake to suppose that, when the tide has 
been admitted, the gates ought to be shut to keep it there 
for a considerable time in order to let the warp settle. A 
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Single tide iti its natural floiv and ebb deposits so large Sl 
proportion of what it brings, that it does not pay to lose 
tide No. X while tide No, t is taking time to settle. The 
water should therefore be retained no longer than wilt leave 
time for it to run off before the next tide is ready to ™n in. 
While land adjacent to the sluice is being warped, all 
tides may be let in j but when the operation is being carried' 
on at a distance (some warping drains are five or six miles 
long), it is necessary to shut out the neap-tides, because, 
their flow of water being but small, their power of doing 
good is out of all proportion to their power of doing 
harm — namely, by leaving their deposit in the main drain, 
where it is an unmitigated evil. The same objection does 
not apply to the spring-tides, as they have sufficient force to 
clear out the drain themselves during the ebb. 

The disposition of the waip over the land requires great 
nicety. Were the water allowed to flow anyhow, the result 
would be that a large portion of the land would be when 
completed scarcely any more worth thifl it was originalJy, 
the tendency of the water being to deposit the valueless 
material it contains at the place at which it begins to spread 
out over the land, while the lighter and more valuable 
portions are carried to the farthest limits of the flow. 
Hence arises the necessity for "inlets" or Hfctlc embanked 
channels, by which the water is conducted over different 
parts of the land. These are altered from time to time ; 
and it is in their due adjustment so as to leave the land, 
when warped, of uniform value throughout, that the skill of 
an experienced warper is found to be invaluable. Very low 
land Ij^ng at a distance from the sluice is under a great 
disadvantage, for the water often does not begin to get off 
until that in the river has ebbed and begun again to flow. 
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It consequently is often necessary to shut out a tide, some- 
limes more than one, in order that the confined water which 
had not time wholly to escape may pass out through lltie 
sluice as soon as the water of the second tide in the river 
has ebbed to a sul^cieDtly low level. 

The first conapaclment of an area being completed, the 
banks of the Dtain drain are carried right through it or 
along its side, to the next compartment, which in turn is 
subjected to the process, and so on until the whole area is 
finished ; after which, unless required for drainage purposes, 
or for the conveyance by boat of the produce of the warped 
land, the main drain is allowed to warp itself up, which if 
left to itself it will very soon do, Should it be a^ain 
required for the warping of still more distant lands or for 
any other purpose, a small channel is cut through the warp ; 
when the spring-tides being allowed to flow in and out 
(neap-tides being excluded), the bed of the drain will soon 
be effectively scoured and in as good a condition as ever. 

In river-warping, it is the practice to exclude the tide- 
waters when the river is in flood, the deposit brought down 
by freshes being always of very inferior quality to the 
Ordinary warp, and sometimes utterly worthless. 

The cost of river-warping varies greatly accontiog to 
circumstances j but as a rule the larger the scale of opera- 
tions tlie less the cost per acre, owing chiefly to the verf^ 
great outlay required in building a sluice, and the difference* 
between one to warp loo and One to warp 500 acres t>eing 
comparatively trifling. Wooden sluices, though much less 
expensive, are not desirable except in cases where the area 
capable of being warped is small; because a timber sluiaJ 
Cannot be expected to last more than ten years or so, , 
whereas, if the area to be warped is very large, the sluice 
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maybe required for a much longer period, or perhaps even 
permanently. The makicg of the main drain, also, forms a 
very heavy item Iq tHe necessary expenditure. One of 
30 feet bottom, the banks rising to a height of 6 Teet above 
the surface of the water and is feet above the bottom of 
the drain, with slopes of 2 to 1, would cost about ;£i,20o 
per mile for labour (ilone ; the banks in the case con- 
templated would be about 9 feet wide at the top, and the 
earth dug from the draio would be exactly the quantity 
required to form them,^*' 



The process of sea-warping embanked land differs in no 
essential particular from that of river-warping. It is hoiv- 
ever, in some cases desirable to warp-up the surface before 
embanking ; and the procedure is then different, 

A salt-marsh has a general tendency to extend seaward ; 
but, if not assisted by artificial means, the process of accre- 
tion is practically stationary after a certain distance from 
the shore. The oldest salt-marshes in the Wash are about 
half a mile in depth, beyond, which there is nothing but bare 
sands. The cause of the accretion not extending beyond 
a certain point is easily explained. The tidal water, carry- 
ing matter in suspension, spreads over the foreshore up to 
the banks bounding the marsh, and for the short time during 
which there is a period of quiet, the matter in suspension is 
deposited. The siliceous particles of silt and sandj having 
the greatest specific gravity^ are deposited first, the warp or 
loamy particles being carried back with the ebbing current. 
Gradually, as the marsh rises, the silt IS deposited before 
the water reaches the banks, the warp alone being carried 
to the upper part and there deposited. As samphire and 
grass respectively grow, this process ishastened, the vegeta- 
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tion holding the warp aod filtering it from the recedinj 
water. For the deposit of this light fiocculeat matter, a 
state of quiescence in the vfater Is necessaiy, agitation 
keeping it IP suspension. After a certain breadth of marsh 
has been formed, the body of water flowing off the matsh 
on the recession of the tide becomes so great as to form a 
current sufficiently strong to carry with it the siliceous as 
well as the argillaceous particles held in suspension. Alter 
a time, from the actio^n of the forward and backward motion 
of the wavelets of the ebbing tide, a marked and broken liEe 
or steep, from one foot to two feet in height, appears at the 
edge of the newly-rormed marsh, up to which the neap- 
tides reach, and beyond which the marsh ceases to grow, , 
The existing marsh is then covered by spring-tides, but J 
continues to rise slowly until covered by only the few 
spring-tides which rise above the average height. When 
the marsh is enclosed by a bank, the strong seaward flow of fl 
ebb off it no longer takes place : accretion recommences, " 
and in the courae of a longer or shorter time^ — soraetiraes a j 
few months only — according to the amount of suspended ■ 
matter brought up by the tide, the sand is covered with 
warp j then follows a growth of samphire, succeeded by 
grass, and in a few years a marsh is formed outside the 
recent enclosure, which rises by the accession of waip, 
through which the grass grows, until for a foot or more in 
depth the soil is a mass of the finest warp mixed wiih roots 
of grasses and decayed vegetation. This process, extended 
over a series of years, makes some of the most valuable and M 
fertile soil in the country."^ V 

Where no bank has yet been built, the backward flow of 
water off the marsh and over the foreland has to be retarded 
and controlled, so as to promote accretion on the foreshore 
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and thereby enable further outward growth of the marsh. 
Grips should be cut in the surface of the lower or seaward 
half of the marsh, across the line of flow, and led into the 
creeks. Where they dischai^e into a creek it should be 
bushed ; and, to prevent It (totq being scoured out by the 
additional curreat turned into it, brushwood or bushes should 
be laid in iis channel, the branches or top ends turned land- 
ward, and secured with stakes as may be requisite. Rows 
of brushwood set in the marsh rear to and parallel with its 
outer edge, help to break up the overflow from it. On the 
foreland, rows of stakes filled in with brushwood, or wattled, 
are placed parallel with the shore-line, at short intervals 
Sods, fascines, seaweed, and the like, placed on the fore- 
land and secured with stakes, straw ropes, or other fastening, 
are also serviceable. These devices, or such of them as 
circuoastances render possible and espedient, will in almost 
all cases contribute to the end desired ; and watchful atten- 
tion will soon detect any need of additions to or modifica'- 
tions of the means employed. 

A curious feature connected with warping is, that under 
some favourable circumstajices, worthless land above high- 
water level may by proper anangements be brought into a 
condition for profitable cultivation. Certain parts of 
Thome Waste, a large peat-moss near Goole, formerly 
above high-water level, have been so lowered by drainage 
as to be now t>elow it; and a considerable portion of the 
higher part has been subjected to an experiment of the 
same kind. The peat, which is some 20 feet in depth, had 
in 1877 been already lowered 3 feet* and needed only 
lowering another yard to make the enterprise a success. 
The almost valueless nature of this laud m its natural state 
would lead to its being chosen for improvement before laud 



*30 



RECLAMATION OF LAND. 



of finer quality, but this is not the only reason why it should 
be selected ; for this moorish peaty soil becomes, when 
warped, land of extraordinary fineness.'" 

The length of time requisite for warping land into a con- 
dition fit for enclosure; the depth of warp obtainable in a 
given period; the cost; and in fact all particulars of the 
like description, have been variously stated. It is said that 
silt foreshores outside a newly-erected enclosure become 
grass marsh in about i o years, after which so to 25 years 
should elapse before they are enclosed. In 15 years, a 
foreshore of bare sand became grassed all over : of this, 300 
acres were enclosed 13 years, and 800 acres 24 years, later. 
River-warped lands become fit for enclosure in from 14 to 
30 years. Some land below the Cross Keys embankment 
warped up j feet and became good grass marsh in 1 z years. 
From 20 to 50 years is said to embrace the ordinary liinits 
of such reclamation periods."* Of river-warping it is said 
that ten or twelve tides covered an area of 10 or 15 acres 
to an average depth of 2 feet ; and that in seven months 
160 acres were warped-up to a depth of from i to 3 feet.'" 
"No enclosure should be made until the land is ripe for 
it. The growth of accretion is estremely slow, extending 
from 35 to TOO years." •" The foregoing statements (with 
exception of the last, to which no local reference is given) 
all relate to examples on the estuary or affluents of the 
Humber; and the conclusion to be drawn from them — and 
indeed from any similar estimates — amounts to this : that 
the rate of deposit, and the time requisite before enclosure 
can be profitably undertaken, are matters wholly dependent 
upon local situation and conditions. So must be accounted 
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50 the cost or the process, variously stated at from j£io 
;£4o per acre. Bearing in mind the rich quality and 
lundaDt quantity of the Humber waip, the idea of 
timate benefit in a less-favoured locality would seem to 
tiDOte also that of a lapse of time not less considerable 
tn indefinite. 



CHAPTER VlT 



THE CULTIVATIQI^. 



The rules and maxims laid down by Mr. Wiggins for 
ailtivation — or, as he terms it, reclamarion — of an embanked 
area, although Id aomc minor details they may possibly be 
found to admit of modification in accordance with theory 
and practice of the present day, are of 30 ptain and prac- 
tical a nature, that it is desirable to reproduce them here: 
the more sO because, this brajich of the subject being wholly 
agriculturalt its treatment by writers on the general question 
(with exception of the account of Holkham Reclamation, 
infra p. 245) is meagre in the extreme. 

"We are now,'^ Mr. Wiggins says, "to contemplate an 
intalte securely and completely embanlced, together with 
sluices of sufficient capacity to take off the water falling or 
coming from other lands on the surface of the intake, and 
these sluices having a sufficient run to seaward, to carry otf 
those waters down to iS inches belOw the general level of 
the surface of the intake, in sufficient time to prevent injury 
to vegetation. These are essential conditions, on which 
alone the work of reclamation can be commenced with any 
hope of success, and these conditions being strictly fulfilled, 
we may proceed to agricultural operations according to the 
nature of the soil, which may be classed into clayey, sanify, 
and hamy, each of which will require a somewhat different 
treatment in some respects, though in other matters they 
may be treated in the same manner, or nearly so i thus, for 
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instance, m the first agricultural operalioTi, — viz. that of 
enabling the soil, which has so tately been supersaturated 
with salt ws-ttT, with all its chemical combinations, to part 
with so much of its saline and other particles as may be in 
excess foe the purpose of vegetation ; or^ in other words, to 
fresJun the soil sufficiently for land plants to thrive upon it : 
the process will be the same upon all these soils, and this 
process consists in forming a series of surface drains, grips, 
or chaonels, by which the downfall and other -wateis may 
run off, carrying with them such portion of the saline and 
other particles as they may have been enabled to dissolve, 
and take Up Or absorb. . . . 

"The next operation is to divide it into marehes of such 
convenient size as may be judged most judicious ; and this 
size will be partly governed by the soil^ clayey soils parting 
with their salt most reluctantly, and sandy soils most easily. 
It will also t>e more strictly governed by the size most con- 
venient for occupation in the particular locality, and also by 
the desire to save expenses ; but in general sandy marshes 
may be considerably larger than other soils, and there may 
even be some advantages in leaving the interior of the level 
for some time without subdivision, since it will be by no 
means wise to hasten the process of freshening by any kind 
of washing or sudden saturation, but, on the contrary, to 
allow a considerable period of time to elapse before any 
thought ol cultivation is entertained, and during that period 
to allow the level to remain sodden, only leading the surface 
waters away gently into the circular dykes already described 
\an(c, p. 170], so as to prevent any pools of stagnant 
water; and it may be very judicious to fill up the nearest of 
such hollows or ' pans,' as they are called, with the stuff out 
of the circular dyke. This soddcning, or stagnation of the 
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soil in a watery state, is considerably more applicable to 
sandy soils, and to such of those as have before embank- 
ment been covered by every tide, than to clayey soils, and 
wilt be quite unnecessary in such high fringes or salts as 
have only been occasionally covered by the tide. But the 
benefits of allowing the soil to remain for a length of time 
under the influence of stagnant fresh water are great, since 
it affords time for the decomposition of such animal and 
vegetable matter as the sea may have deposited in it, — 
macerates and dissolves the calcareous, shelly, and other 
such matter, and eveu reduces the silicious matter into a 
state of subdivision resembling clay; and it amalgamates 
all those heterogeneous particles, takes off their crudities, 
promotes or prepares them for chemical combination, and 
reduces them to a state fit for the purposes of fresh-water 
vegetation. But such effects as these are not likely to 
happen by the too powerful action of water that might, and 
probably would, wash away the fertile or fertilizing particles, 
and reduce the soil to a state of infertile sheer sand, or 
sharp sand, and prove most injurious to future fertility of 
the level ; we therefore disapprove any attempt at suddenly 
freshening the soil, and consider that evea the soddening 
process recommended should be conducted with great caie 
and cuitioDj always gradually, but neither allowing the 
water to remaia too copiously nor too long, nor suffering it 
to run off too quickly; for this purpose, therefore, cuts or 
channels should be made frora the lowest spots of the level 
into the circular dyke, so that no water should remain 
absolutely stagnant if it couM be got off, but that at the 
same time it should only be drawn off gradually : thus, 
supposing the whole level could be gripped, or channelled 
from the pans to the circular dyke, within the first }'ear after 
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shutting out the sea, and this was done only 12 inches deep, 
these grips should be allowed to remain at that depth a full 
summer and winter at k^st, before deepening them anothei 
6 inches, bringing them to the uldraate depth of iS inches; 
gradual freshening and maceration being essenrial to future 
fertility, and this requiring a longer time in proportion to 
the quantity of saJine matter, and the crude state of that 
matteTr with refei^nce to vegetation, at the period of its 
embankment. 

" Thus we have brought the level into this state j viz,, it 
has a. marsh dyke or water-fence surrouoding it, and very 
numerous grips throughout its surface, leading the waters 
into the marsh dykes to the depth of 18 inches below the 
general surface, but of course lower where elevation of 
surface occurs. In forming the principal grips, care shouJd 
be taken that they be cut io such places as to fall in with, 
and promote, the ulterior design of laying out the level into 
conveniently sized marshes ; and it will also be proper to 
consider which way the ridges and furrows will lie, in case 
of these marshes being ploughed, and to lay the grips 
parallel thereto if possible, recollecting that the nearer the 
ridges lie to north and south the better. 

"The depth of the soil, we may now suppose, has been 
somewhat increased by the soil arising from the grips being 
spread about. By this time several brackish plants, partly 
of a maritime, and partly of fresh-water nature, will have 
appeared, and partially covered the surface in places ; these 
may be grazed to advantage, and as the surface soil freshens, 
it may be harrowed, and Dutch clover and ray grass may 
be sown and rolled in, wherever the absence of other plants 
may allow of Chein ; first, however, bestowing but a small 
quantity of seed by way of experiment, and increasing this 
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as success may eDCOUragc fr^m tini'e to time. In a period 
varying from three to s«ven years, according to the tenacity 
of the soil, aod its height above the tide, the level will be fit 
to bear com and pulse. If its surface be coarse and uneven, 
and its soil tenacious and stuhbom.or what is called marsh 
clly, it may be judicious to dig it over and level it at (tie 
same time, preserving however the grips already dug; 
taking in the first instance a crop of coleseed (rape), which 
might judiciously constitute the first crop, and may either 
be saved for Bced or fed off, and be succeeded in either case 
by oats, then beans, and then wheat; hut even after the 
digging of such soils, they will require much tillage, so as co 
thoroughly mix and pulverize them, and the bean crop 
fihould be repeatedly well hoed and weeded. With good 
treatment, however, such soils bear heavy crops of wheat 
and beans in succeBBion,and when some degree of exhauS' 
tion calls for a relaxation of cropping, the course of fallow, 
oats, clover, wheat, beans, will give all the produce that can 
reasonably be expected from any land ; the crops very 
commonly grown on good soils of this kind being S to lo 
quarters per acre of oats, 4 to 6 quarters per acre of wheat, 
and about the same qf beans. This produce, however, must 
not be reckoned on as over the whole surface ploughed and 
sown with these crops ; for at least one-eighth to one-fifth 
thereof will consist of ' lows,' ' rills,' and ' pans,' where t^e 
clayey soil will be still too crude, too salt, too wet, or too 
stubborn, to bear perhaps any crop, or at most but one-fouith 
of what is home by the best parts. This drawback, together 
with the expenses of cultivating this description of land, 
soon points Out that grass, not tillage, is its most profitable 
ultimatedestinatioti, and accordingly it is found expedient 
to prepare it for the true and legitimate purpose of an 



THE CULTIVATION. 



237 



intalte, viz, grazing. But we must not fall into the error 
that because this is the last, it may also be the first, destJna^ 
tion of the level, a. course of tillage being requisite for a 
time upon all the argillaceous mis, io ordei to mis and 
incorporate them, and to pulverize the soil, so as to bring 
it into a fit state for the production of the better kmds of 
grasses ; otherwise the coarser will predominate, and the 
value of the ground be much deteriorated- The necessity of 
this course of tillage is demonstrated on a piece of silty 
loam-salts, near Fossdyfee, in Lincolnshire, which the late 
Sir Joseph Banks, with his habitual consideration for the 
public good, ordered to be kft untouched, in the state in 
which the whole intake was when embanked, and after a 
lapse of nearly thirty years the maritime salt plants still 
remain, and the land plants but feebly strive to establish 
themselves. In proportion, thereforCj as the course of 
tillage is perfect without being continued to exhaustion; and 
as the levelling and surface draining are well performed, so 
will be the productive value of the grazing marsh which 
succeeds the tillage. Nor are these operations sufficient in 
stiff clayey soils ; such will require to have their tenacity 
subdued or lessened, their working rendered easier, afid 
their pulverization or admixture of parts more effectual, by 
the application of chalk rubbish, i.e. soft chalk, to the land, 
after the rate of at least ten tumbril cart-loads per acre, 
which will usually cost about ten shilHngs per cart, including 
carriage. This supply of calcareous matter will also act as 
a manure, and will not only increase the quantity of wheat, 
but also tend much to improve its quality, to stiffen its straw, 
so as to prevent ot check its lodging, and the consequent 
deterioration of the grain. In these various ways, an expense 
of jQ$ per acre thus incurred will soon be repaid, whilst its 
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benrfcial effects on the soil will last at least twenty years 
even under a succession of cropping, but in grass would be 
permanent. 

"The more silicious soils, whether sandy or loamy, 
require less chalk, if any ; and as their texture is ape to be 
rather too open than too close, lime is often much better 
adapted to them, if any matitue be at all needful, since an 
intake of soils of this kind generally abounds with shelly 
fragments, enough to supply the requisite quantity ol 
calcareous matlei. It may, however, be well worthy of 
consideration, whether a supply of lime would not he advan- 
tageous' in setting to work that calcareous matter, and 
consolidating the texture of the bqII- 

"There are several reasons why any course of tillage 
should not continue long tipon an intake level, one amongst 
which is, that even under the misfortune of a breach of bank 
but little harm ensues to grass marshes, provided the tidal 
waters be again exckded within a few months, because the 
saline particles^ not being in excess, are rather fertilizing 
than otherwise; but the chief reason is, because the intake 
cannot advantageously continue many years without suitable 
farm-buildings, which require a great outlay of capital 
without adequate return, since a more prohtable appropria- 
tion of the land can be made without them ; and besides, if 
the natural fertility of these lands is exhausted by a succes' 
sLon of com crops, it will be vain to look for their becoming 
rich grass lands afterwards. The period of tillage, there- 
fore, should be limited to such a space of time as may be 
sufficient, according to the nature of the soil, to bring it into 
a fit state for the best grasses to gcow to perfection. This, 
on stiff day lands, may be reckoned as i, oats, — 2, beans,— 
3, wheat, — 4, beans, — 5, wheat, — 6, clean fallow^ — .3, oats; 
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and lay this crop down with grass seeds, or what would be 
better, either sow it down on the fallow with grass seeds, 
and about half a seeding of coleseed, feeding ofT the same in 
a dry part of October, or otherwise inoculate it with the 
roots of sward from some good grass marshes in the neigh- 
bourhood,-— a process in which a machine is used, con- 
structed for the purpose of shaking apart, Or otherwise 
separating,, the grass roots, and then sowing them on the 
ground by hand, and rolling them down, by which means a 
good sward is obtained much sooner than by seeds alone, 
though both should be resorted to. 

" But on the good iilty bams of an iotake, a different 
mode and duration of cropping iaa.y be adopted. Upon 
such lands, along the coasts of Norfolk and Lincolnshire, 
the usual course of cropping is r, beans, — z, oat&, — 3, wheat, 
and they get better wheat a/ter the oats than before, the 
straw being less bulky and less liable to 'go down.' But 
even in the case of such soils, if the argillaceous particles 
are in such abundance as to produce an unctuous texture 
or slipperiness under the feet when rather wet, they may 
judiciously be subjected to the rotation prescribed for clays, 
and treated similarly. 

"There must, however, be a very great difference ot 
treatment with regard to those light, loose, sandy soils, of 
which some spots of the intake level will be found to con- 
sist, when taken from the tow slobs of a sandy shore which 
has been covered by every tide. Such loose sands, if 
hiowing when dry, shouM he fixed as soon as possible by 
any feedable grass, that can be made to grOw upon them, 
until a better sward can be produced. On such loose spots 
the agrasiis maridma or sea-side fiorin has grown luxuriantly, 
especially when the staloms have been planted in a wet sod 
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of bog turf, and that trodden into the sand. The shoow 
from these sets have beeu extremely vigorous, the cattle 
have sought and eat«n them with avidity, and the treadifig 
thus induced has fixed the sand, whilst the droppings of thfi 
catt!e, containing the undigested seeds of other grasses, 
hav? soon brought up a good sward wherever the drainage 
waSi sufficient for its establishment, 

" In such cases of loose sand, no tillage need to be, or 
perhaps can judiciou&ly be, contemplated, Such soils are 
already sufficiently open to part with their excess of saline 
particles, and are gonerally sufficiently homogeneous not to 
requite admixture by stirring, unless it be by harrows on the 
surface, to let in the Dutch clover seeds that may with pro- 
priety be sown thereon, when that brought by cattle shall be 
permaivent enough to show an aptitude in the soil for that 
plant These seeds, after being thus sown in moist still 
weather, should be rolled down, and if the soil has been 
well drained and fresbened, it is more than probable that i 
good grazing marsh will be established, at less expense, and 
in lea's time, than could be effected by any other means; 
since if the clover thrives, the cattle will lie so constantly on 
those spots as to enrich them more than any others. 

"The cultivation of rape for seed bas been much relied 
upon with reference to these newly acquired lands, as the 
first crop thereon ; but it should be recoDected that the 
price of this seed is much reduced by importation; that 
such crops on new grounds generally come very unequal; 
that it is a crop very liable to injury by frosts on low 
grounds ; that the climate of this country does not admit of 
any good chance of saving any very /argi! breadth of this 
crop; that the straw is valueless; and that it occupies the 
ground for two years, although on this latter point there ii 
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a. remedy in 3 species of rape formerly grown on the Lin- 
colnshire Wolds, which ripened the same year as sown. 
The merits of rape, ho-nfever, are that it will grow on crude 
and not perfectly prepared land, and costs little for seeding, 
and if the land be dean, is not a bad forerunner of wheat 

■" Mustard is another of those ccops, which, being some- 
what more valuable than common corn crops, are reckoned 
On as a means of returning some portion of the great out- 
lay incuired upon an intake. The browa mustard taints 
the land worse than any weed, as is instanced in Canvey 
Island, Essex, where it is harvested with the beans, and is 
sometimes the bes-t crop of the two. The white mustard 
has not the property of lying in the land, but requires a 
finer tilth and better soil dian the brown sort, and an intake 
would require a lapse of time to prepare it for this crop, or 
for any other of the seed Crops usually cultivated as extra 
valuable on the rich soils of Essex, or Kent 

" Woad and other dye plants are also valuable, but 
require so much accommodation of buildings and 
Tnachinery aS to be quite inapplicable to the general CJr- 
ciirastances of an intake. Chicory might do on deep sands 
when quite freshened. 

"The benefits of irrigation have been much reckoned on 
with reference to some recent intakes which afford a com- 
mand of water, and as an ultimate means something of this 
kind might be applicable to the higher portions of a level. 
When, however, it is duly considered that irrigation is only 
applicable to cases admitting of complete and quick 
drainage, and that the greatest difficulty in almost all 
intakes is timely to get rid of superfluous water, it will 
appear that this mode of augmenting value can but seldom 
be relied on to any great extent ; nor does the farming 
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system of marshes, whether in tillage or grazing, at a! 
assicnilate to that in. which water meadows are va!ualjle 
auxiliaries. 

" To sum up this head of our discourse ; the great and 
leading points for the guidance of the adventurer, in 
reclaiming his intake, are the following; 

T. To freshen gradtially ; 
a. To drain effectually; 

3, To cultivate perfectly ; 

4. To crop moderately j 

5. To loot to grazing ultimately ; 

6, To lay down, to grass carefully ; 

and in proportion to the perfect accomplishment of these 
points, will be tlie value of his land ; i.£, it will, in the 
case of neglect or imperfect esecutioQ of them, become only 
coarse pasturage for young stock . . . ; or in the case of 
Iheir perfect accomplishnient, the lands will co.me, as near 
as their soil will admit, to those grazing lands of intakes in 
Sussex, which cany a fatting ox of 13a stone {& lbs.) ps 
acre, . . , or to those of Kent, which carry six or eight 
large sheep per acre ; or even to some more favoured spgis 
in Lincolnshire, which used to fat Ifu ^hep per acre ie 
40 lbs. per quarter, dipping 14 lbs. of woffi each ; or othen 
in that county, which carry a large ox per acre and several 
sheep besides." '^ 

Mr. James Oldham, M. Inst, C.E,, writing in if 62 re- 
specting a Reclamation at Sunk Island in the Humber, 
whereof mention has already been, made, gives the follow- 
ing brief account of its treatment for fanning purposes. 
The local conditions ace diffurent from those contemplated 
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by Mt. Wiggins, whose remarks apply more especially to 
the Weatrdcnt of lands reclaimed from the sea itself: the 
situation of Sunk Island, on the estuary of a 3arge river 
bringing down great volumes of fresh water, seems to have 
rendered unoecessary the operation of freshening the soil — 
a view deriving corroboration from the plenteous growth, 
shortly after the shutting -on t of the salt water, of clover, its 
seed probably washed down by the river; a feature strongly 
contrasting with the case cited by Mr. Wiggins of sea- 
washed land left to itself after being embanked. 

" The freshwater door " [of the sluice], says Mr. Oldham, 
" is used for the purpose of holding up fresh water in the 
drains, and for flushing and scouring the sluice and outfall, 
which is liable to be silted, in the summer, or when but 
little fresh water is running out. In very dry seasons, the 
sluice is Used for tak.ing in a quantity of tidal waterj to till 
or charge the fence ditches, ai:d the cattle are thus pre- 
vented from straying; for the fields are generally only 
divided by ditches, and as the subsoil is of a sandy and 
porous nature, the water in them rapidly disappears. 

"Soon after the exclusion of the tidal water from the 
surface of newly-embanked land, the marine grasses and 
vegetation begin to die and decay, and in the course of a 
year, or two years, fresh^water grasses appear. After the 
lapse or about three years, a tolerably good surface of pas- 
ture is naturally formed, and it is capable of sustaining a 
considerable number of cattle. But that which is most 
surprising, is the spontaneous appearance, and the growth, 
On the inclosures of Sunk Island, of an entire covering of 
white clover, which presents itself within three yearSj or four 
years of the date of the exclusion of salt water. . . . 

" After the completion of the embankmentj and the sub- 
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dtvision of the land, a selection is made as to what po? 
shall remain as pasture, and what shail be worked by tillage. 
Some trifling labour devolves on the farmer, is levellmE" 
irregular places on the surface; he then ploughs and pre- 
pares for a crop, and generally the first on the land is rape. 
This is sown about the third year or fourth year after the in- 
closure, and the produce is usually of e^ttraordinary quantity 
and vigour. The following season oats, or beans may be 
sown, and then wheat, and perhaps, of all the districts in 
England, the largest and best crops may be found on Sunkfl 
Island, for the tenants admit that the land produces up-^ 
wards of six imperial quarters of wheat per acre. Flax 
also is produced of a fine and valtaable quality, and in large 
quantities. The producing power of this description of 
land is not limited to the growth of cereals, or fibrous pro- 
ducts, but the finest roots, such as potatoes, turnips, man 
gold wurzel, &c., are successfully cultivated." '" 



The land reclaimed on Wexford Harbour received 
treatment somewhat different from either of the foregoing. 

" For the first three years after the reclamation on tfafi 
north side was completed, the land was put under cor 
crops, with very slender success, many parts being perfectly 
barren. Where crops did grow well, there was a consider- 
able admixture of sand or gravel in the mud. The limeing 
recommended by Professor Sullivan was resorted to, to the 
extent of twenty barrels (of 280 lbs.) to the acre,, with very 
encouraging results, converting barren into productive land. 
Later on the limeing was increased to from forty to fifty 
barrels per acre, by which means luxuriant crops, 
ticukrly of wheat and barley, were grown. Green crot; 
clover and grasses, answered admirably, and the past 
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'improved in fattening qualities. The drainage, up to the 
present [1862], is still deficient, the water never having been 
more than 3 ft below the surface; but when, with the 
assistance of the new machinery, the water is kept down 
5 ft. Or 6 ft., the value of the land will rise from i$ to 30 
per cent, The experience of nine years in the management 
of the north side, together with some experimental farming 
on a very smalJ scale on the south side, and an analysis in- 
dicating somewhat better land, justifies the conclusions that 
it requircB the same treatment. The land should be turned 
up deeply by steam ploughing, for which it is peculiarly 
adapted, left to Ue fallow for a year, and then heavily limed. 
After such treatment abundant crops may be certaijily ex- 
pected. Fortunately there is an abundant supply of lime- 

I stone on the south side j it is brought to the limekilns, at a 

[ v ery low rate, by small sailing lighters." "" 

^^The intake at Holkham, on Che north coast of Norfolk, 
is a sea-reclamation of 5S0 acres, embanked in 1856-58. Of 
the 5S0 acres, more than 200 acres adjoining the old grass- 
marshes were a strong clay loam ; 170 acres strong blue 
clay or clay-loam, buried beneath the sand to a depth of 
from 6 inches to 3 feet ; and 130 acres were either shingly 
stones, or sea-sand, to an unknown depth, Upwards of 
370 acres were therefore good land. The following de- 
scription of its treatment, given in 1867 by Mr. Shellabear, 
the steward of the owner, is specially instructive in details 
relating to the subdivisioD of the land and the actual work 
of setting out drains &c. 

" In the autumn of iSg^ the land was laid out for division 
into fields. One road was formed, passing through the 
entile length, and crossed at right angles at intervals of 
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about 500 yards by two others. These roads are each 30 
feet wide, and are bounded on each side by a ditch. The 
lands between are again divided by a ditch Into fields, 
varying id extent from id to 20 acres. Every field, there- 
fore, has access to a road and is square — two very impoTtant 
advantages with steam-cultivation. 

*' In bringing it into caltivation the next operation was to 
fill up the large creeks throughout the farm, sand being 
brought from a distance where necessary by means of a 
portable tramway worked with horses, or moved from the 
adjoining lands, where available, by barrow roads : in either 
case the creeV was yltimately brought Ic the level of the 
land OD each side by a coating of soil of similar quality. In 
thesarae way the small creeks which appeared only in the stiff 
lands were filled tip, or else by digging, — and thus reducing 
the level of the adjoining land. By the summer of 1863, a large 
breadth of this land had been brought into cultivation ;, cole- 
seed, peas, wheat, and oats were grown upon it, and a further 
portion was sowed with wheat— when the sea again caiwe 
over it, Up to this date the crops were better than they 
have been at any time since, and it seems probable that the 
cultivated lands, especially those which had been subsoiled, 
became more strongly impregnated with the salt than when 
in their original state. The damage done to the water- 
courses and roads was inconsiderable; but the land had 
become so thoroughly saturated as to be incapable of bearing 
horses until late in the springs and the roots of autumn-sown 
corn were destroyed by the wet and salt in the land. 

" Underdraining, which had been done partially before, 
was now systematically commenced, and up to the present 
time [1867] about 330 acres have been drained with ij-inch 
pipes, at a distance of is yards in the clay and 24 yards in 
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the sandy subsoils — nearly all the drains emptying into the 
ditches. The fields being all flat, considerable difficulty- 
was experienced in maintaining a regular and proper fall itv 
the diains, the slightest dip causing the drain-pipes to silt 
up in the sandy lands. The plan now adopted is to set out 
the level of the outlets in the ditches, and a point 4 feet 
above the bottom of the drains to be cut across the centre 
of the field, with a spirit-level, adding the rise to be allowed 
in the drains. From these two points given him, the fore- 
man is enabled to give an even fall to the bottom of the 
drain throughout its length, by placing a T staflf 4 feet 
long upon the level point at the outlet, and having a similar 
staff moved up and down the drain, aligning it upon the 
level given him in the centre of the field. Fourkvels only are 
given in each ditch, and four across the centre of the field, 
the remainder being put in with the T staves in the same 
manner. By this means the wort is satisfactorily done, and 
the foreman is able to superintend the whole, check the 
levels of every drain, and assist a second man in laying the 
pipes in the drains, of which abotlt i5 to 18 chains are cut 
every day from April to August, the work being impracticable 
in winter. 

" Four hundred and twenty acres of the land have been 
cropped, but only 340 are at present under cultivation ; the 
remaining fields are being treated as follows : Some of the 
heaviest clay lands are being sanded to a depth of 3 or 4 
inches by means of the portable tramway (two horses draw- 
ing a load of from 4 to 6 tons), 8 or 10 inches of sand being 
taken from the sandy fields for this purpose, and to bring the 
clay beneath within reach of the steam-p3ough. In other 
fields where the clay is at a greater depth, pits are sunk, and 
the clay is harrowed upon the land to a depth of 5 or 6 
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inches (when solid), the surface-level haviag been previously 
reduced by harrowing the sard into the last pit sunk ; in 
other parts where the c!ay is from 12 to i6 inches from the 
surface, or where the sand is not required for the heavy 
lands, the ground is trenched, and from 8 to 10 inches of 
the clay brought to the surface : but in these cases, from the 
frequent occurrence of Creeks in the clay below, the sinking 
of a pit is often necessary to complete the field and make the 
soil e(|ual]y good throughout. 

"With respect to cultivation but Ultle at present can be 
said. Good crops of wheat, oats, barley, coleseed, turnips, 
mangoSd-wurzet, and clover have been grown upon the laod, 
both before and since the winter of 1863 ; but it was not 
until the summer of last year [1866] that the land can be 
said to have recovered, to any extent, from the flooding of 
that time. As soon as the fields have been drained^ they are 
broken up with Fowler's steam subsoil plough to a depth of 
16 inches, allowed to lie the winter, and put under crop the 
following year." "I 
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CHAPTER VIIL 

EXAMPLES, VALUES, AND RENTS. 

Thk chief objection to adducing particular instances as 
examples of Reclamations consists in this : that before any 
such instance can be regarded as a truly typical and trust' 
worthy guide in similar undertakings, a. vast amoLint of 
detail respecting it needs to be ascertained and specified, 
without which it is illusory and misleading so far as con- 
cerns its applicability to the special ■t^se contemplated by 
the inquirer. These details however, in theii entirety are not 
and probably can not be known. For this reason, caution 
must be exercised in drawing and applying conclusions : 
indeed it is not too much to say, that only in respect of con- 
ditions and facts which tan be beyOnd doubt ascertained to 
be exactly parallel to those of the contemplated case, can 
any conclusion with reference to it be safely drawn from an 
example. With this qualification, the following works of 
redamation maybe given. It is to be premised that, early 
and old Reclamations being even lifs» instructive than recent 
ones, those here presented have been selected from works 
executed since 1S40, and that they, in common with those 
noticed at pp. 243-248, are wOrth attention chiefly with 
respect to certain particulars concerning execution and 
subsequent treatment. 



■" Some embankments have taken place under t and 2 
Yict., chap. 87, a special Act for tliat purpose, along the 
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shores of Lo jgh Foyle, in the county Derry, Ireland, which 
seem likely to prove but the cotninencement of similar, or 
perhaps more important undertakings, in that highly im- 
provable country. About 3,500 acres have been excluded 
from the sea on the south side of this Lough, and as ihesoil 
in general affords every indication of the highest fertility, 
great ultimate returns are expected. Two difft-'rent modes 
have been adopted by different parties in this underlakirg j 
one having raised his bank by barrows and planks with the 
soil of the shore on the spot, which is a sandy siU or sea- 
mud drying into a whitish shelly sand composed of very 
minute particles ; the other party having run out his earthy 
material and stone from the shore, upon tram-roads and 
waggons, drawn both by horses aod locomotive engines. 
The whole face of the baok from foot to top \^pik/ied with 
5toue 18 inches deep, set edgewaySj with a slope of about 
4 to I more than half-way up, and then somewhat steeper to 
the top, which is 4 feet wide. The spring tide here rises gor 
10 feet, but the outbursts are great, and the top of the 
banks will be, say iC feet above the low-water hne. 

" Both parties have experienced those accidents to which 
these undertakings are subject, viz. very high tides before 
completion washing away material, leading to the conclusioo 
that it is better to make up the bank to its full height at once 
as it proceeds, and also the conclusion that sufficient //r(f A/ 
is the one thing needful, and that the want of it is the rock 
upon which all these kinds of works are most likely to 
split" ^'^ 



" In 184.3 a bank or ' cop ' was built by the joint efforts 
of the Hon. E. M. LI. Mostyn, and J. P. Eyton, Esq., called 
the Bychan embankment, situated between Llanerchy-mor 
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smelting-woiks and Mostyn colliery in Flintshire, being on 
the western estuary and tiear the mouth of the river Dee. 
]ts dimensions are, base 87 i feet, height 16 feet, sea-side 
slope S9i- feet, of which 43 feet from the foot were stored, 
laodside slope jsf feetj and s feet wide at topj giving the 
fotiowing sectloti. 




Fig. 38.— Bychan Bank. 



"The length of the bank is 1,974 yards, Or rather more 
than one mile and an. eighth. The cost was ^({^4.500, less 
the barrows and planks which were used in making up the 
bank with the sea-sand on tlie spot, and might be worth 
^£■50 when completed. The cost therefore would be ^^4,000 
a mile, eras nearly as possible sixpence per cubic yard for 
the whole, including stone, which however was not placed 
over the whole face. When first laid on, the stones were 
thrown promiscuously on a layer of straw, gorse, or brash- 
wood, which was put on the face of the sand, but the 
■winter tides brought a part of the stones down to the base, 
and it was found expedient to replace them edgeways, 
paving them regularly and smoothly on the surface, in 
which process it is found that the larger the upper stones 
are, the better. The distance the stone had to be carried 
was about a mile and a quarter, and the cost was 13d. per 
ton, viz. 4^d. quarrying and 8Jd. drawing j the total cost 
was reckoned at 3s. per square yard. The part not stotie- 
faced was covered with sods in two thicknesses, each being 
about eight inches thick ; hut where stone was used, the 
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sods from tli«n to the top Of the bank were Only il indies 
thick, cut with a push plough; the inside slope was cut 
3i feet deeper than the level outside, so as (o have a largei 
facing, and to put a. cover to make it a cart-road. Tlie 
highest spring tides on the sands outside of the bank do 
not rise more than 7 feet £n ihe bank, if in a quiet state, bul 
in stormy winds blowing into the estuary, the waves leach 
nearly to the top of the bank. The land obtained is aboui 
70 acres, but it is in a situation which gives it great local 
value, and with a probability of coal beneath. The CheSKT 
and Holyhead Railway will pass through it. The back of 
the bank will be sown with lucerne, of which there will bs 
4 1 acres." '" 

The foregoing is an instructive example of the way in 
which circumstances afTect the question of expenditure upon 
a work. The cost figures out to something over ^63 per 
acre — an amount doubtless foreseen before the work was 
commenced : the expectation of finding coal, together with 
probably other considerations of which we know nothing, 
making it worth while to incur this large expense. Vet, 
take this rate of £(i^ per acre and put it into a statement, 
either of separate or of average cost, without at the same time 
specifying the whole conditions under which it was incurred 
— and of what value does it become as a guide in estimatiBg 
the cost of a proposed work ? 

On a tidal Reclamation at Lough Foyle^ probably — though 
this point is not material — of later date than the one first 
cited, shallow surface-drains were formed after the salt waier 
had been excluded, and in about two years rye-grass gie* 
pretty freely, but exceptional spots remained barren for some 
time. The grass was followed by oats, which improved as the 
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salt left the soil. Deeper draining allowed the cultivation of 
flax and clover. Afterwards, on still deeper draining, all ordi- 
nary crops began to grow well, — wheat, beans, turnips, man- 
gold, and carrots, but all requiring as tiiUch manure as any 
old Upper land. These slob lands yield a great return for 
manure, but must have manure on the lower and damper 
portions'. Fiorin grass grows well without manure. When 
the ditches have so far drained the soil as to allow of its 
becoming cracked and open to the air, the crop:s begin to 
increase in produce, Eut the fiiU value of the soil is never 
known until thoroughly under-drained with tile or stone; 
it then yields excellent crops of almost any produce, clover 
and rye-grass for hay being perhaps the most profitable. 
Grazing the land does not answer, except from the middle 
of May to the beginning of September ; after this the soil is 
too cold and damp for the beasts to lie down, and they begin 
to fail. The expense of these intakes on the foyle may be 
taken at about ^20 per acre to get them from the sea, and 
the expense of bringing the land into cultivation will come 
tq at least ^lO more, making a total of ^^30 pec acre. The 
best lands were said in 1S74 to be worth [in rent] horn about 
63s. 10503. per acre, and the lowest and wettest parts perhaps 
not more than about ras. 6d.— say 38s. as a fair average. To 
thi&bas to be added the expense of keeping up the banks and 
pumping water. The above remarks may be held generally 
to apply to Reclamations made about the same time on Lough 
Swilly, and certainly do not present encouraging views as 
to these Reclamatiotis regarded as a mercantile specula- 
tion.'" 



A portion of the land on Morecambe Bay enclosed by the 
XJlverston and Lancashire Railway in 1856 was grassed over, 
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the remainder being sand without any vegetation on it 
After it was levelled it was divided into fields by open ditches 
and iron fences. The ditches bad to be made very wide at 
the top in order to get them to stand. The land was then 
drained with 3-inch pipes, each drain opening into the ditch 
on each side of the field. The tiles were embedded in pfiat 
moss, to act as a filter to prevent the sand from, running into 
them. The sand is so line that without this precaution the 
drains would have filled up very quickly. The drainage was 
the grea,t difficulty, the pipes being very apt to fill up after 
every precaution had been taken. On the portion that was 
grassed over before it was enclosed, two crops of oats weie 
first taken, and then it was green-cropped. It grew for 
& few years good crops of wheat, beans, and clover, as 
also Swedish turnips and mangolds, but though 3 great 
quantity of manure was used the crops fell off, and ia 1IJ74 
it was nearly all in grass. The portion that was bare sand 
when it was enclosed was treated in the same way, except 
as to the first two crops of oats. It was green-cropped after 
it had been enclosed about two years. After the railway 
■was made, there was no means of warping that portion of 
the enclosure which was sand : the tide was entirely kept out. 
Had it been admitted, the lands wotild have been much 
more valuable and much higher, with better drainage and 
a richer soil. The portion that was already grassed over 
at the time it was enclosed was still [1874] much the besL"* 



In the foregoing examples, some mentioD has been made 
of the rental and the purchase value of land. To this may 
be added some further particulars derived frona vaHouB 
authorities. 

War^^d land l>i/s^rc £ncioiure. Rent. — On the Humber 
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the foreshores when they have grown into salt-marshes are 
useful for the grazing of sheep, and in i8;6 were said to let 
at &om 5B. to 6s. per acre. In the same district, it was 
stated in 1877 that [arable] land let at from 50s. to 60s. ; 
some, Owing to special advantages of position, fetching aS 
much as ^5 per acre; the average rental being about 60s. 
On the Swale, in Kent, saltings or accretions some time 
before the surface reaches a level fit for enclosure, afford 
good pasturage for sheep, and in i SSj reahsed rents varying 
from 2S. 6d. to los- per acre. 

Warfied land hcfore aidosure. Purchase, — On the 
Humber, the sum of j^ao per acre was taken as a fair 
standard for the value in 1S76 of a salt-marsh fit for 
enclosure; some years previous, the value was from j£"iS 
to ^£"30 per acre. 

Reclaimed land. Rent — On theHumber, large quantities 
of land were, between 1S31 and i8?6, let immediately after 
enclosure for 405. to 6cs. per acre: in 1S76, land imme- 
diately after enclosure let at from 40s. to 50s. per acre. In 
the estuary of the Dee, some reclaimed land is reported in 
1883 as returning a rent of from 20s. to 52s.. per acre; 
some reclaimed land In Lincolnshire a^ being let immediately 
after enclosure at from 4ds. to 60s. per acre; newly- 
reclaimed land on the Swale, los. per acre, and five years 
after enclosure zo3. per acre, as grazing land. At 
Faversham, newly-reclaimed land, worth in 186S a rent of 
6s., was in 1SS3 valued at 30s. 

Ridaimed land. Purchase. — On the Humber, some of 
the land below the Cross Keys embankment, enclosed in 
1842^ sold in 184; for ^So per acre. In the same district, 
recent enclosures were reported in 1S76 as selling at the 
rate of ^60 per acre j and newly-reclaimed land as being 
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valued directly after enclosure at froin £^0 to £60 per 
acre, Some Und in Lincolnshire, valued at jQi.^ per acre 
in 1873 when first enclosed, was worth _^4o in 1SS3, the 
best parts reaJising £^0 per acre."'' 

An instructive supplement to these figures is the fol- 
lowing : — 

" In 1849 Mr. Clarke estimated the average [rental] value 
of the land in the Fen,[and at 40s. an acre. 

" From a report, made by the Boston Branch of the 
Chamber of Agriculture, in January, (895, it is stated thai 
rents varied in that district, from 15s. to 30s. an acre, the 
average being 24s. or 25s. Since 1880, there has been A 
reduction of from 30 tO 50 per cent. A large farm of mixed 
soil, rented at ^£1,600 in 1880, was now Jet at ^Soo. . . . 
As regards profits made by the tenants, in 1S80 they 
averaged about j^i an acre, whereas, at the time of the 
report, there were no profits, save in exceptional cases. 

"Mr. Wilson Fox (Commission on Agriculture, 1895) 
gives the rents as averaging, in the Wainfleel District, 305. 
to gos. for marsh land, 25s. to 45s. for fen land, and 60s, to 
laas, for toft, or early potatoe land; near BostOQ, for the 
very best land in small holdings, &os. to 100s.; farms of 
about 60 acres, 40a. ; Spalding District, 30s, to 40s. Some 
heavy clay land was let as low as 5s. an acre. M 

"There is a great demand for land suited for growing ■ 
eaily potatoes, and from ^^4 to ^^5 an acre is given 
for this. 

"Taking an average, in the neighbourhood of Spalding. 
the reduction of rents on small farms, of from 30 to 70 
acres of good land, is estimated to be from 30 to 50 per 
cent, during the past 20 years; on farms of 70 to 250 
acres of good land, 30 percent, j on farms of 250 acres 
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and upwards, 30 to 40 per cent. ; and where the land is bad, 
70 percent.; in the neighbourhood of Grantham. 50 per 
cent. J and round Sleaford, 33 per cent, on good land, and 
60 per cent, on land of bad quality. 

" The LiocoLnshiie Chamber of Agriculture put the 
reduction at from 25 to 40 per cent, for good land. 

"The following examples, taken from Mr, Wilson Fox's 
report, will show what the freehold value of land was when 
times were good* as compared with what it is now, in. the 
depressed condition of Agriculture. An arable farm of 300 
acres at Spalding, of fair quality, having mlyed peat and 
clay soil, was purchased in 1876 for ^19,000, or about ^63 
an acre ; and in 1894 could not find a purchaser at ^23 an 
acre. Another peat farm, in the same locality, of 100 acres, 
bought iS years ago for ^6$ an acre, was sold in 1894 for 
j^z3 an acre, A farm of 461 acres, bought in 1885 for 
^65 an acre, was sold in 1893 at the rate of ^£"13 an. acre. 
A fami of no acres of good alluvial soil, at Kirton, bought 
in iSjo for about ^£'74 an acre, could not be sold for ^40 
an acre in iSgi, A farto of 118 acres, in BlanknCy Dales, 
bought in 1877 at the rate of ^£65 an acre, was sold for half 
this in 1S514 } and a farm of 92 acres, at Whaplode Drove, 
the original price of which was about ^85 an acre, could 
not be sold for ^40 an acre. 

" The fall in the freehold and rental value of land is due 
to the unfavourable seasons and the low prices of produce. 
During the series of wet seasons, 1S74-1SS1, the condition 
of the land became seriously affected, the pastures were 
deteriorated, and the manure washed out of the arable land 
and there was no opportunity of properly cleaning it. This 
resulted in a decreased yield and in rot in the sheep. On 
farms where eo quarters of oats were grown to the acre, the 

s 




138 RECLAKATIOK OF LANB. 



yield fell to 7, and where 7 or S quarters of barley were 
growDj only 5 or 6 could be harvested. Following on the 
bad seasons, begao a decline in prices, which has since con- 
tinued. Bchreen 1S74 and 1894 the average price of wheat 
has fallen 60 per ceat. ; of barley, 53 per cent. ; and of 
oats, 50 per cent. \ the average price of wheat for 1874^ 
1S84 being 44s. ^d. ; for 1894, 193, id.; barley for the 
same period fell from ^^s,. Co 20s. and oats from j*s. 4d. to 
14s. 6d. Wool also has steadily decreased, the average 
for 1873-1877 being 40s. 2d. a tod; 18S3-1S87, zts. ^d^ 
and iS93-iSgi4, 2ts. 4d., a decrease of 46 per cent. Cattle 
have fallen in price during the a years, 1882-1^94, from 
j3t to 34 per cent," '" 



I 



The picture thus presented is not encouraging to sanguine 
expectations of profit. And fortunately so, since this makes 
for safety. Highly-coloured statistics, while powerless to | 
aid success, may bias the mind aud unduly inQuence 
judgment. Thousands of acres still await reclamation and 
offer a fair reward to well-conducted enterprise. And I 
modest — ^even uTider-stated, 6gures, /cr if ineffectual as 
absolute deterrents but induciag deliberate and diligent 
eKaminatioD, may tend to promote the prosecution of under^ 
takings unpromising at first sight, whose intrinsic soundness 
is shown up all the better through subjection to the ordeal 
of rigorous Bcnitiny. 



Finally: as a consideratioTi of paranaount importance, the 
necessity of heedfulness cannot be too strenuously pressed 
upon him who purposes entering upon the business of Re- 
clamation ; and -his attention is earnestly invited to the 
following precautions on no account to be omitted : — 
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First. — Let him ascertain the nature and quality of the 
soil or soils over the whole intended mtake. A great deal 
of land has been ledaimed before it Is fit : such land has no 
heart in it. 

Second. — Let him leam what terms can be made with 
proprietors, froDtagers, and others, as to their claims (if 
any) in the matter j and what provision will have to be 
made for legal and all other similar contingent expenses. 

Third. — Let him obtain al the hands of a competent 
adviseTr a design and inclusive estimate of cost for the 
works required. 

Fourth, — Let him allow for interest upon the whole 
amount of money expended^ unfruitful until cultivation is 
completed and returns begin to come in. 

Such amounts, together with a margin of not less than 
3o per cent, on construction and lo pet cent, on all other 
items of outlay (and as much more as the financial as]>ect of 
the affair will allow) for contingencies— will make up the 
equivalent of capital to be provided. 

Fifth. — Let him then ascertain what is the actual present 
value of land of similar quahty or qualities in the district, 
and take an average of the Jawar figures of that valuation. 

If the result of alt this shows a positive profit, or a rental 
sufiicient to cover sinking-fund and satisfactory rate of 
interest : — in such case, let him decide for himself. 

If, on, the other hand, the result shows anything less : — 
in such case, let h i m hold aloof from the specnUtion. 



CHAPTER IX. 

Legal RaquTREMENTs: The Parties to Woftcs 
Or Reclamation. 

Bkfobe concluding this volume, some reference may be 

made to the prelimmaiy negotiations and arrangements 
with adjoining landowners, and other persons or bodies 
interested in the lands to be affected hy a proposed embank- 
ment, which will require the attention of the projectors 
before any such project can take a substantial form. 

As regards the land sought to be reclaimed or inclosed. 
the present ownership of such land is neces&anly the 
first fact to be ascertained. Where lands adjoin a river, 
the soil of one-half of the river, from the banks on eithet 
side to the middle of the stream, is presumed to belong 
to the respective owners of ttie lands adjoining the stream. 
except in the case of a fi^ai river, the soil whereof up to 
high-water mark belongs presumptively to the Crown. Tk 
Crown is aJso presumptively entitled to the sea-shore up to 
high-water mark of medium tides, although on many paits 
of the coast grants of portions of sea-shore have been made 
at different times to private individuals as well as to public 
bodies ; '" and it is well established that, where documenlai/ 
evidence is not forthcotningj such grants may be presumed 
by proof of long- continued and uninterrupted acts ol 
owneTship.^" 

As to the ownership of the soil affected by changes in 
the flow of the sea, the legal position may be briefly staled 
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as follows : A sudden imipdon of the sea gives the Crown 
no title to the land thrown under water, although when the 
sea makes gradual incTOachments the rights of the owners 
of the ]aDd to which the incroachments extend are as gtadu- 
ally transferred to the Crown ; and in Hke manner, when, 
the sea gradually retires, the rights of the Crown below the 

torigtnal high-water mark are as gradually transferred to the 
bwnersof the adjoining coast-land. But a sudden dereliction 
of the sea will not deprive the Crown of its title to the soil."" 
The charge and management of the rights and interests 
of the Crown in foreshore lands is now (-under the Crown 
Lands Act, iS66) vested in the Board of Trade, with whom 
it rests to make grants of the foreshore, where required for 
useful works which can be carried out consistently with the 
public welfare. Such grants are made either ill perpetuity, 
or for a term of years. 

I If it happen that any proposed works of embankment will 
involve the inclosure of adjoining common lands. Or other 
interference with rights of common, appHcation will be 
necessary also to the Board of Agriculturej with whom (under 
the Commons Act, 1S76) now rests the administration of the 
several provisions of the Inclosure Acts, 1845 to 1SS2. 
Should the proposed interference with common rights be such 
as to require confinnation by means of a Provisional Order 
under the Act of rS76, the persons making application to 
the Board of Agriculture in that behalf must represent at 
least one-third in value of the interests proposed to be 
affected, and consents to the Order raust be given by 
persons representing at least two-thirds in value of such 
interests, and by the Lord of the Manor; but inasmuch 
as the Provisional Order will itself require confinna- 
m by Parliament, the case may be one in which the 
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projectors would do well (as is often, for various reasons, 
found to be necessary) to proceed by way of a. Private 
Act of Parlianient authorising the proposed works, and 
granting them all necessary powers. It may be assumed, 
however, that no authority would be given by Parliament 
to inclose any common land, or to vary or diminish rights 
of common, without reference to the attitude of the Soard 
of Agriculture, who, therefore, in any case affecting commoo 
rights, would have to be reckoned with by projectors. 

Further, where (he inclosure of a common is proposed, the 
Commons Act, (876, now requires that special information 
shall be fiimished to the Board of Agriculture as to the 
reasons why an inclosure is "expedient when viewed in 
relation to the benefit of the neighbourhood," so that it may 
be taken for granted that no inclosure will be sancriooed 
in future unless shown lo be of " benefit to the neighbour- 
hood," as well 2S to those legally interested in the common 
itself. Where the freemen, burgesses, or inhabitant house- 
holders of a borough have rights in a common, the consent 
of two-thirds in number of such freemen and burgesses as 
are resident in the borough, or within seven miles thereof, 
or of such inhabitant householders, i& required for any 
inclosure under the Act. 

It may further be noted, that under the Local Govern- 
ment Act, 1S94, District Councils are empowered to aid in 
preventing the extinction of rights of common, and to 
regulate the use of common lands. 

Should the proposed works involve interference with 
existing highways, the powers of the District Council will 
again be called into exercise, the Local Government Act, 
1894, having imposed on the Councils the duty of pro- 
tecting all public rights of way and preventing their closure 



I 



I 



LEGAL REgUIREMENTS. 



263 



or obstruction, and of preventing any unlawful encroach- 
ments on roadside wastes. 

Under the same Act, the Rural District Councils exerdse 
the fiincdons originaUy conferred upon vestries of adopting 
or mitiating proceedings for the stopping-up or divetting 
of highways, Under orders to be made by Justices at quarter 
sessions under the Act 5 & 6 Will. IV. c. 50. 



As pointed out by Mr. Wiggins,'*" in almost all cases where 
the embankment of a. large space or extent of &ea frontage 
is contemplated, several frontagers, or adjoining proprietors, 
will have to concur in the measure, in addition to the repre- 
sentatives of the Crown, or other person or body in whom 
are vested rights of foreshore; and if, as often happens, 
only some of the parties whose concurrence is requisite are 
in a position to give such consents as shall be legaUy 
binding on their successors, it becomes, in many cases, 
absolutely necessary to seek Pa-rliamentary poweis. For 
this purpose application may be made by the projectors to 
Parliament, as soon as they have obtained sufiicient con- 
sents, in nunaber, of the parties concefned, and a sufficient 
proportion in value, to enable a Pariiamentary Conamittee 
to entertain the Bill. The provisions of such a Bill will 
have for their object, on the one hand, to secure to the 
public, the frontagers, and all other interested parties, eil/kir 
A continuance of the enjoymeot of all their property, rights, 
privileges, and conveniences, ffr a compensation for the loss 
of them ; and, on the other hand, to secure to the pro- 
jectors the fullest means of carrying their project into 
effect, and the fullest enjoyment of it when effected. 

As opposition to a Bill necessarily increases the cost of 
proceedings before the Parliamentary Committer; (without 
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whose approval of its pronsions the Bill cannot receive 
fuither consideratioD in Parliament), the true policy of ihc 
promoters is to di^ami oppositilon S.S much as possible 
before coming to Parliament, by conducing agreements 
wherever practicable with the various interested parties, 
and thus lessening the chance of defeat before the 
Padkmentarjf Comtnittee by predisposing that tribunal in 
their favour. Even at the best a contested Bill must he a 
matter of some cost, which may be substantially lessened 
by previous consents. 

According Co Mr, Wiggins,'*' one-itnth of file landemhaiihed 
has been nientioped as the probable expectation of the 
frontager, in consequence of that proportion having beeD 
given in some considerable cases of the kjnd; and this, over 
and above such pasturable verges or grassy fringes as have 
already been subject to acts of Ownership and occupation 
on the part of the frontager. But one-tenth (he says) is a 
larger deduction than almost any intake will allow, so as to 
leave the adventurers a suflicient chance of adequate remu- 
neration for their enterprise. 

Still, the frontager must be compensated, since he Eoses 
conveniences and easements of value— such as the feedage 
of the pasturable verges ; he loses also something from having 
the sea further renioved from his upland, and if he geu 
manure from the shore^ the embankment will in this respect 
be some hindrance ; further, he loses the opportunity of 
mailing the same speculation as the adventurers. 

In discussing the extent of compensation properly alloH'- 
able to a frontager, Mr. Wiggins points out that in the case 
of the inclosure of the waste or common of a manors the 
lord of the manor wouid commonly receive from one-t*velfth 
to one-si >ite en th of the commonable land in respect of hie 
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Tnai]onal rights^ Eamely, his absolute right to the soil and 
a portion of the herbage, and his right of granting portions 
of the soil to copyholders. The lord has also a right not 
only to all the timber growing on the waste, but to all timber 
on a copyholder's lands, although he cannot come upon the 
lands to cut his timber, or to work the minerals on and under 
the soilj without the leave of his copyholder, and his claim 
to the timber is on some manors commuted by custom for 
a one-third or other defined share thereof- Vet to a lord of 
a manor, the actual share of waste lands allotted upon 
inclosure has seldom been more than one-sixteenthj some- 
times one-twelfth, and in some cases only one-twentieth, 
although the lord is undoubtedly in the enjoyment of actual 
rights of property 10 a. greater amount than any frontager to 
seaward in foreshore lands, where slobs or raud-banks are 
covered by every tide. 

ADfJtber case ciied by Mr. Wiggins is that of mines or 
quarries, where the accustomed royalty, seignorage, or 
groundage varies, according to circumstances, from one- 
eighth to one-twelfth, one-sixteenth, or one twenty-fourth ; 
and he arrives at the conclusion Chat one-fiJSeenth may be 
reasonably taken as the fair share of an intake to be 
rendered to the frontager, in lieu of rights in and over such 
surfaces as are covered by every tide. 

As to the pasturable fringes, Mr, Wiggins further observes 
that it would be very disadvantageous for the projectors not 
to secure them, since the great disadvantage of the kind of 
property created by an embankment is the uniformity of its 
nature, and the absence of the " shift " — in other words, of 
that change of soil, of aspect, of herbage, of crop, and of 
all local circumstances — which Is found so requisite to 
successful farming. 
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Now the only alteviation of this disa<iv3.ntage of an intake 
i& to be TQund in the higher levels, of land constituting thfSC 
fringes, or pasturable verges (called on the eastern coasts of 
England "salts" or "saltings"). On some portions oF the 
coastn the verges consist of shingly or sandy dunes ordoimB, 
which arc very seldom covered by the tide even at oatbursls, 
and which not only afford the only approximation to a 
"shift." but also the only secure and healthy place of 
habitation, as well as place for the folding of cattle for 
shelter. 

On the other hand, it should be recollected that lb« 
frontager will be relieved from all future expense of defence 
against the sea, and of repaiiing damage which the sea may 
possibly occasion to his property ; and in consideration of 
these advantages he should ia fairness class his veidant 
frontages with the olher lands to be embanked. 

Any proposed arrangement with a frontager should, there- 
fore, include the frontager's verges up to the present sea- 
defences, if he has any, and if not, up to the high-wal«c 
mark. 

It may, however, be more convenient to a frontager, 
instead of an allotment of a defined portion of the land to 
be embanked, to have a money rent reserved on the land to 
be gained ; and it then becomes a question what this rent 
should be per acre. To settle this question, two points have 
&rst to be determined ; (i) What would be the fair proportion 
of land to be rendered ; and (a) The value of that land when 
embanked, and dc/ffrf any of the operations of drainage or 
reclamation have been commenced. These points settled, the 
amount of rent to be reserved is a matter of calculation 
only. 

In estimating, on the one hand, the probable benefiti 



IXGAL REQUIREMENTS, 



267 



derivable from an intake, and on the other hand the cost of 
the undertaking, Mr. Wiggins'" gives {as applicable at the 
tinae of writing) the following statement "as the result of 
good man^emenl, attended by such 2 share of good fortune 
as might reasonably be expected " : — 

Say 1,000 acres, o( the value whea embaaked and 

ijTiJBed of ^40 per acre £iOr'^(^ 

Cost of embankmg and draining . £2o,0Oa 

of Is, 6d. fier Atrt for T*jth . . USOO 

of occupation roads, galea, etc. ■ 1,500 

of Farliamenlary and profesgioDal 

expenses [,ooq 

of eiLra works, elc, , , . 1,000 



Yielding, at ^40 per acre, a profit of 

*t ^35 per acre, a profit of . 

at ^^30 per acre, a profit of , 



»S,OPo 

^fiS.ooo 
/ 10,000 



These figures (and any figures which may be substituted 
for them in view of altered values, whether of ]and or of 
■works, at the present time) will be subject in every case to 
deduction for loss of interest on money sunk, from the 
commencement of operations to their conclusion. 



A promoter or projector of a proposal for reclamation of 
land en any extensive scale, who canvasses for consents to 
such a project, must in some cases be prepared to encounter 
extravagant demands on the part of frontagers, some of 
whom will consider that the projectors are about to get 
rich at their expense or by their means. Any such unrea- 
sonable demands may be best met by a full and frank 
statement of the case as it presents itself to the promoters, 
and of the manner in which they propose to deal with 
existing interests. This statement may be conveniently 
circulated amongst the several persons whose co-operation 
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or consents will be requisite. With this statement, libera 
may ftlso be clicutated a draft of the BiU proposed to he 
sabmitted to Parliament, accocnpanied by a sufficient map 
or plan showing the ground proposed to be cmbanlccd, the 
line of embankment, and a section of the bank iotendedj 
with such other particuilats as may be necessaiy to fiimish 
adequate particulars of the works in contemplation, Tfie 
adjacent rivers and streams, and other features of thecouciry, 
should be sufticiently indicated on the map, as well as the 
roads intended to be carried out, and the drainage to hs 
made or continued. There should also be a report from 
the engineets. engaged by the projectors specifying the data 
on which the proposed works are founded, particularly 
the rise of the highest tides and of the greatest out- 
bursts, and estimates showing the cost of the under- 
taking. 

The reception ^ven in any particular case to the pro- 
posals of the projectors, as thus formulated, will serve lo 
guide them as to thejr subsequent proceedings; and will 
enable them to judge whether it be advisable tg avail them- 
selves of the provisions of the Lands Clauses Consolidation 
Act in framing their Bill to be submitted to Parliament. 
That well-known Act iS & 9 Vict. c. 18) — the provisions, of 
which may be incorporated with a private Act— was passed 
in 1S45 to furnish (as it has been expressed) "a general 
code regulating the manner in which lands^ ot interests ^1 
land, may be taken under the authority of Parliament, a^H 
compensation made for injuiy occasioned by what may be ' 
thus legalised by the Legislature." '" 

No enlargement is necessary here upon the wisdom of 
thus endeavouring by a frank and open policy to secure 
provisionally beforehand the consents required to 
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undertaking. The promoters, before actually applying to 
Parliament, will then be in possession of the sentiments 
of those concerned, and be enabled to judge what amend- 
ments, if any, may be advisable ia the details of their pro- 
ject, and enabled also to estimate the probability of carrying 
their Bill against any threatened opposition. An open and 
candid policy at the outset is not only likely to dispose 
frontagers and others to give better terms, or to be content 
with less expensive accommodations, but will also have its 
due effect before the Parliamentary Committee in favour of 
the promoters. 

It is unnecessary to enter in detail upon the further steps 
to be taken, and the formalities observed, with a view to 
obtaining the authority of Parliament for the proposed 
works by means of a private Act. With this object in 
view the projectors will have to rely on the guidance and 
assistance of their legal advisers, acdng in conjunction with 
a professional Parliamentary agent. Here it will suffice to 
say that, aS airangements for Parliamentary business are 
necessarily made well in advance, when application is in- 
tended to be made for an Act in the coming session, a copy 
of the Bill representing its provisions — whether intended to 
be introduced in the first instance in the Lords or in the 
Commons— must be deposited in tbe office of the Clerk of 
the ParUaments on or before the 17th of December. Notice 
must also be given by advertisement once in the Zondon 
Gazeitf, and in the local papers once in each of two suc- 
cessive weeks (with an iliterval of at least six clear days 
between) in the preceding October or November (but the 
last of such notices must be not later than 27th November}, 
of the intention to make application for the Bill, with such 
particulars of its provisions as are required by the Standing 
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Orders. These Orders provide (among other things) for the 
deposit with the Board of Trade, at the Private Bil] Office, 
lod with local authorities, on or before 30th November, of 
planSr books of reference as to any properties propose<i 10 
be taken, and olher partii::utars, to be open to public in- 
spection ; and copies of the Bill must also be deposited in 
the Private Bill OfRcCj and in certain other public offices, 
on or before iist December, for public inspection. On 
or before 3tst December estimates of the expense of the 
undertakings and particulars of the constitutioii of Ibf 
body by whom it is proposed to be carried out, must be 
furaishcd to the proper Parliamentary officials. A deposit 
in cash, equivalent to four per cenL of the amount of the 
estimated outlay, will also have to be made. 

In the course of the ensuing January the EiU comes be* 
fore the Examiners, whose duty it is 10 certify whether ihe 
Standing Orders have been complied with, and to report 
the Bill to the Select Committee on Standing Orders. That 
Coromittee, in their turn, report to the House whether any 
non-compliance with Standing Orders certified to than 
should Or should not be waived; and in the event of any 
non-compliance which is not waived, the Bill will be lost, 
as far as the coming session is concerned. 

It is subsequently to these proceedings that the Bill it 
fonmally presented to the House in which it is introduced, 
ajid has to pass through the various stages of first, second, 
and third readings in the two Houses. In the course of 
this progress it comes before the Parliamentary CorDmitree 
upon whose approval or non-approval of its preamble iis 
further progress depends, and before whom appear (beside* 
the promoters and assenting parties or public bodies) the 
parties, if any, by whom the passing of the Bill is opposed. 
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The preamble being held by the Committee to be " proved," 
they then proceed to coDsider iis provisions clause by clause, 
to bear objections, to discuss proposed amendments, and 
(should occasion require) to add new clauses found to be 
necessary in order to meet objections, or more completely 
answer ihc objects ol the Bilt. The Bill is eventualiy re- 
ported to the House in which it was introduced, and (un- 
less re-coramitted) comes up there for third reading, 
afterwards going to the other House to pass through its 
several stages of first, second, and third reading. 



It is manifest, from what has been already said, that clear 
and well-defined notions are necessary on the partofpro- 
-moters of works of reclamation as to the actual rights of all 
the parties concerned, and as to the best means whereby these 
are to be provided for. In this respect Mr, Wiggins'** has 
Boine observations, the substance of which may be given here. 

I. First, he says, the rights of thi public are involved in 
all such projects by reason of the propriety and necessity of 
continuing to them the conveniences and accommodations 
which they have hitherto enjoyed — namely, of roads to the 
sea-sidCf navigation of the sea and of the rivers, and that 
general species of drainage which such rivers, together with 
the smaller brooks and streams, may have hitherto afforded. 

With this view, therefore, all publk roads should be 
continued across the embanked lands to the sea; and this 
according to ascertained dimensions and defined rules as to 
quantity and disposition of materials, and under proper 
arrangemeats for drainage and for future maintenauce. 

As to rivers also, the avoidance of any obstructions to 
their discharge into the sea should be secured by their em- 
bankment on each side across the slobs or shores to be 
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gained ; and the lines of these banks should be laid down 
with an ample degree of divergence, so that the river waters 
may have a due space for their outfall and escape to seaward. 
The height and dimensions of these banks should also be 
specified and fixed, so as to secure their being of such 
elevation and Btrength^ that neither the tide itself, nor tide and 
floods together, may be able to overtop or break them ; and 
yet that the land-flood waters may Pot be irnpeded so as to 
drown the lands situated above the intake. These points 
as to rivers ought not to be left to the projectors only, who 
may not be aware of the quaotity or force of waters 
conaing down a river, or of the liability of that river to flood 
the grounds near its mouth, or of the lowness of such 
grounds upon some part of the course of such river. It 
would therefore be expedient that a qualified Engineer 
should certify on the part of the public, as well as of 
the proprietors of lands adjoining such river^ that the pro- 
posed river-banks will be good and sufficient for all these 
purposes j and hence, among other reasons, the necessity 
(as already suggested) of the Engineer's original report 
specifying the height of tides and other particulars or data. 

These points being secured, that of the navigation of 
the rivers should also be protected. It is sometimes of 
great consequence to A tract of country that either the actual ■ 
power of navigaring to a certain point up the river, or at 
least the capability of rendering the river navigabie to such 
point, should be preserved ; but this is in great danger of 
injury or annihilation when, embanked, by reason of the 
accumulation of detritus brought by the stream down from 
the upper country. Any alteration of the stream, therefore, 
becomes of great importance in a river where such detritus 
is abundant; and the width at which the banks should be 
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set, their dtrecrion, and the degree of their divei^ence, are 
matters of equal importance ; since the natural bias of the 
projectors will be to place the river-banks as close as pos- 
sible, LU order to avoid diminishing the area of the inta.ke, 
whilst the danger of their being too close is, not only waul 
of sufficient space for tide and flood, but such an accumula- 
tion of detritus as to IcAve ad insuthcieat dtpth for tide and 
flood, and totally to destroy navigation. 

To obviate these difficulties, it may be requisite to deal 
with the rivers far above the bounds of the intake, atvd to 
deepen, widen, and embank them, so as to secure theto, 
against every mischief to which they may be liable in con- 
sequence of the works of the intake ; but as this ought to be 
done by, or at the expense of, the promoters of the scheme, 
it may be best that ^uch matters should be left to be finally 
determined in detail by some authority or tribunal to be 
named in the Act ; and should any works done by the pro- 
jettOrs, beyond those necessary for the embankment, be 
greatly beneficial to the public, the district reaping the 
advantages of such works should be required to contribute 
towards the cost in manner to be prescribed by the Act. 

As in matters oi drainage, also, the public tnay be injured 
by the projected embankment, care should be taken to 
secure the complete drainage of the lands embanked, so as 
to prevent malaria, or any unhealthful effects of stagnant 
waters, as well as to prevent any stoppage of such drains 
as have hitherto carried the upland waters to sea. On the 
other hand, waters may be lowered, roads improved, and 
bridges rendered unnecessary by the proposed new works, 
in which case also contributions to the cost should be forth>- 
coming from the district so benefited. 

In the case of mvuigation seaward, the public will neqes'' 

T 
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sarily be driven to a greater distance from the usual land- 
ing-places on the shore, and apydisadvantage iq this respect 
should be compensated by commodious landing-places, 
conveniently situated with respect to the roads that are to 
cross the intake. 

In the case of quays or wharfs to be built by the pro- 
jectors, powers should be taken to charge tonnage or other 
dues within limits to be specified by the Act. 

The public also ought to have reserved to them the 
customary power of collecting such substances as the sea 
affords on many parts of the coast — such as shingle, sand, 
boulders, sea-weed, shells for manure, sea-mud, etc. ; but 
as the unlimited exercise of those powers as hitherto enjoyed 
might be injurious to the embankment, it ought to be ■ 
limited within a certain distance of the foot of the bank, by 
way of compensation facilities for the free landing of such 
substances should be provided. H 

11. Secondly, Mr. Wiggins proceeds to say, the due 
provision to be made for the rights of the proprietors of _ 
adjoining land, who may be affected by these projects of I 
embanking lands from the sea, and those especially who 
have been denominated frontagers, will require the fiilJesc 
consideration ; and any Bill proposed to Parliament with 
the object of reclamation of lands from the sea, whilst it 
gives powers to the promoters sufficient to cany out their 
project, must also carefully guard against abuse of those 
powers by invasion of or injury to existing property without 
ample compensation. 

The property actually taken away will chiefly, if not 
entirely, comprise that which has been previously describeti 
and estimated as share of frontage and pasturable fringes, 
■which should be wholly vested in the undertakers io f«, 
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when the sea has been shut out by them. But in case of the 
final abandonment of the project for any reason, as it would 
be hard on the frontier to lose his slob and fringes, pro- 
vision should be made that if the sea again break in, and. 
the breach made thereby remain open, and the reserved 
rents thereof remain unpaid for, say, three years, then the 
slobs and fringes should revert to their original proprietors. 

It mi^ht be provided, also, that any buildings may be 
removed within one year after expiration of the three years^ 
but the materials of any roads should not be removed. 

If these stipulations be thought too specific for the clauses 
of an Act of ParHament, they might be embodied in an 
agreement specifically referred to and allowed by the Act. 

lUL Thirdly, as regards the consideration of what is due 
to "Cat projc dors of an intake or embankment of lands from 
the sea, the general principles are, that every possible 
facility and encouragement should be afforded to the pro- 
jectors, consistently v^ith the rights of the public and of the 
proprietors or frontagers. 

The projectors, accordingly, should have power to enter 
upon lands, and to take materials fit and proper for their 
purpose ; also to make roads for the conveyance thereof, 
and to make catchwater drains, and to erect temporary 
buildings, and for all other purposes that the prosecution of 
their work may require, subject, of course, to every reason- 
able restriction necessary for the interests and convenience 
of the proprietors, without too much reducing the powers of 
the projectors. 

The projectors should also be enabled at a future period 
to embank any further portion Of the shOre than that laid 
down as their exterior line of bank ; and the extent of their 
rights over such portion as remains unembanked should be 
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dearly defined by the Act; saving to the public and to 
frontage proprietors, until embanked, such rights and piivt- 
leges as they have been hitherto accustomed to enjoy in, 
On, and over such unembanked shores. ■ 

They should also be allowed to enjoy all the advantages 
which their bank may afford, towards promoting trade 
thereon by landing-places, wharrs, quays, warehouses, etc^ 
withoul hindrance from the frontagers, but under conditioni] 
specified in the Act. 

Any public roads made by them should afterwards 
maintained and kept up in the same unaDner as other public 
roads are kept up in the district. 

It would be reasonable, also, that the lands embanked 
should be declared free from all rates and taxes for a de4 
fined period^say for the Bist seven years, to be computed 
from the day of the commencement of the year of any 
assessment next after Che final shutting out of the sea. H 

The projectors having executed the works of embank- 
ment and drainage, the several distinct intakes, or em- 
bankment enclosures, may be erected into U^relf^ bearing 
such denominations as may be prescribed by the Act, and 
provision made for the due maintenance and repair of the 
said banks and sluices by the appointment of Trustees for 
each level respectively. ■ 

The Trustees (who may be owners of lands within the leveH 
or their nominees) should have power to levy an acreabie rate 
to any needful amount— such rate not to be unifomi anfl 
even over the whole level, since some of the lower lands 
will require more draining than others which are higher,, 
whilst all the lands will equally require the protection of 
the bank ; but there may be an equal acreabie rate for the 
support of the bank, with a separate rate for drainage levic 
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according to the situation of the lands. These may be 
distinguished into, say, high lands, medium lands, and hiv 
lands, and the drainage rate levied accordingly. This prin- 
ciple of classification in the expense of drainage has always 
been recognised as equitable in the case of reclaimed lands. 
The interests involved in anykrge scheme of reclamation, 
and the necessary incideots of the completion of the work, 
being thus of so varied and complex a nature, it will be 
readily understood that the authority of Parliament, to be 
secured by a Private Act, is in many cases found necessary 
for the carrying out of the project. 



In the case of works on a smaller scalcj which yet involve 
the appropriation of any portion of foreshore, a grant by the 
Board of Trade of sO much of the shore as is required to be 
ta-ken or dealt with may be sufficient for the purpose in view. 

The procedure for obtaining such grants is very simple, 
but no grants are made without security being takeOj by 
means of such covenants (to be entered into by the grantees) 
as the Board may deem necessary, for the purpose of re- 
serving to the public all exisring rights of walking, bathing, 
boating, landing, fishing, etc, j and it is also the practice to 
insert where necessary in the deed of grant, clauses and 
covenants for the protection of navigation, similar to those 
of the Railway Clauses Act, 1S63 (ss. 13-19). 

In simple matters, upon sufficient particulars being fur- 
nished by the applicants for a grant, the Board may dispense 
with any official survey of the shore-land proposed to be 
dealt with J but before considering any application, it is the 
practice of the Board to mate inquiry as to the existing 
user of the foreshore. A communication is therefore ad- 
dressed to theOfiicer commanding the nearest Coast Guard 
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liivision, requesting infonnation as to the use at presenl 
made, or whkh has hitherto been made, of the shore in 
question, either by fishermen, boatmen, or the public 
generally; and as to whether the shore is or has been 
tiscd by the public for walking, bathing, boating, landing, 
fishing, gathering seaweed, etc., or any other puiposc ; and 
inquiring also whether the use of the shore contemplated 
by the applicants will interfere with or abridge its present 
use and enjoyment by the public. Communications are 
also addressed to every owner and occupier oi the land 
adjacent to the foreshore in question— and if the shore is 
in a harbour, to the Harbour Authority — inviting their 
observations upon the proposals of the applicants. When 
the result of these inquiries is Itnown, if the view of thefl 
Board is favourable to the desired grant, public notice of 
iheir intention to make it is given in the locality before the 
grant is made absolute. ■ 

The grant maybe made either by way of sale, in con- 
sideration of the payment of a sum of purchase money, or 
for a term of years on lease at an annual rent : the terms in.fl 
either case being adjusted by reference to a valuation made 
for the purpose under the direction of the Board. _ 



Subjoined (pages 279-282, and 2S3-287) are the foims m 
which conveyances and leases of the rights of the Crown in 
foreshore lands are usually made by the Board of Trade ; 
but it will be understood that not all the clauses given in 
the forms are applicable to every case of grant. Omissions 
are made of such clauses as do not apply to a particular 
case, and it may be that in certain cases additional cla 
will tieed to be inserted. 
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I.— FORM OF CONVEYANCE OF FORESHOTIE 
IN FEE. 

THIS rNDENTORE, made the day of i . 

between THE QUEEN'S MOST EXCELLENT MAJESTY oC the 
isf part, The Board o»r Tbadk, actiQg in, exercE^ of such ortte powers 
tonfcrred by the Crown Lands Act, ifizg, and the Crown Lands Aci, 
• ■Sji, or any other Act, as were Iransfcrted (o llie Board of Trade by 
the Crown Lands Acl^ 1866, of the and part, aad 
hereinafier culled the eriuilee , of the ^ri part, WiTSEssEra, thai 
in c□nside^lt3n^ of tbe 5um of 

by the giautee paid (o the As^isC^nt Sccretaty^ Fiuaocc Depart- 
ment, Board of Trade, the receipt whereof is hereby acknowledged, 
the Boaj-d of Trade, on i^ehaU of Het Majesty, and with the consent of 
the Commissioners of Her Majesty's Treasury, signified by theEr warrant 
dated tbe da.y of 1 , do by these presents ^rant unto 

%hr gr^nt'Ce and h heiii* 

ALL piece of land btring part of the foreshore and bed 

of the bciotr high^water mark situate 

cippOHte to 

in the parisli of in the eonnly 

of and eitendiag 

which said premises hereby granted are intended to- he delmeated ia 
the plan annexed to these presents aod to be therein coloured 

Except ueverlheless and always reserving to the Queen's Majesty, 
Her Heiis and Snccessors, oul of this present grant full and free right 
for Her and theoi, and for all persons by Her or their peraiiiiKiDn iwhicli 
permi^on shall be assumed tn have been granted unless the contrary 
be sho'wn), tP ride, drive, walk, or otherwise pass to and fro, over, and 
to fish and bathe upon, and to gather sea-weed and ware from tbe 
premises hereby granted and to laad thereon goods and passengers 
fiom vessels and boats, and to embark tLeiefrom goods aad pas- 
sengers in vessels and boats, but so that erections or works constructed 
or placed on the said premises, with the conseot and Approval of the 
Board of Trade as hereby provided, shall not be prejudiced or inter- 
fered with by reasoik of tbe aforesaid exception and reservation. 

And also except and alwaysi reserving as aforesaid all rights of way 
and access to and over the premiM'S no* ciisting by means of anv 
public road, footpath,, bridge, or othet mc^u^, or by means of any road, 
footpath, OF bridge shown oa the &aid plan hereto atuiexed, as made or 
intended to be made. 
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And also except and reserving to the Queen's Majesty, Her Heirs and 
Successors, and ta tbt Bdlfd of Trade, ^nd any other body or p£r30Q 
duly authoKscd in rigbc of the Queen^s Majesty, Her Heir^ and Suc- 
cessors, full right Co enter on the premise hereby grauLed, and remove 
therefmm all buildiBgs, worlfs or erections which may have become 
dilapidated or abandoned, or which may bavebeen. constrticted wiLhovl 
the consenl rtr approval hereby required thereto, or which maj, io the 
opinion of the Board of Trade, be injurious to navigation or the public 
mierest, and to re&tore the site to the fonner or proper conditiou 
thereof, and Ip erect or construct any buildings of works which Toay, 
ip the opinion of the Board of Trade, be reqiured for the purpose of 
navigation or the public interest. 

To HATE AND TO HOLD the prctnises hereby granled unio and to 
the use of the grantee ^h heirs and assigns 

for ever, 

yiELDiNG AND PAYING imtQ the Queen's Majesty, Her Heirs and 
SuccesEore, the yearly rent of otm ihillifig on the iirst day of January 
io every year, if demanded. 

And the grantee do hereby for h self h heira and assigns,, 

covenant with the Queen's Majesty, Her Heirs and Successors, in maiinct 
following ; that is to %a.y. That the ^nCee , h heirs^ 
and assigns, will not, without the consent in writing of llie Board of 
Trade fas\ obtained, erect Dr placf on tlie pTemisn hereby granted any 
bmtding or work. 

And also will, in case the Board of Trade sbfd] consent to any 
building o^r work being erected or placed on the premises hereby 
granted, erect, place and construct ihc same according to such plau 
and under such restrictions and reEu'^tJoos as. may be approved of in 
writing by the Board of Trade, and not otherwise, 

AifD Also will not, in case any such building oi worfc shall have 
been So erected or placed on the premises hereby granted, at any lime 
alter or extend the same without the like consent and approval of the 
Board of Trade haiing been first obtauied. 

And also wUi not, without the consenl in writing of the Boaxd of 
Trade hriit obtained, ptace any materials, or do any oi:b«r act on the 
premises hereby granted, which may, in the opinion of the Board of 
Trade, prejudice or obstruct navigation, or be or become injuHous to 
the public interest. 

And also will at all limes keep ihe premises in a good and prop« 
slate of repair, and in proper condition, fiee from ull defects injurious 
to navigation or 1he adjacent lands or the public interest. 

And also will, during the whole time of consliucting, altering or 
txtmiding any work upon the premises hereby granted, and also' after 
the completion thereof, eshibit and keep burning every night liom 
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«trfi«*t to snorise such lights (if any) as thr Board of Trade shall from 
time to- time reqaire. 

And also that it 3ha]l be lawful Tor tte Queen's Majesty, Her 

Heire and SoeceMots, and the Board of Trade, and any persons duly 

authorised by Her or thein> from time to time, and at ail Teasomabk 

times, to enter into and upon and inspect ihe premises hereby graoied, 

d the sUW and condition thereof, and of auy want of repair or of aay 

lefcct to give notice, and to place such notice in K>me conspicUGu>i 

position upon the said premises, and that the grantee , fa heirs 

or MsigBS, will on receipt of any such notice, or upon any 

such notice being placed in some conspicuous position on the pKmises 

hereby granted, forthwith, and within three calendar months from the 

giving or placing of such notice, restore the premises hereby granted to 

a proper state and condition, and substantially and properly execute the 

pairs.and amendmeats, and remove the defects specified in «uch notice. 

And also that it 5hal1 be lawful for the Queen's Majesty, Hei 

!eiTS and Successors, and the Board of Trade, and any persons duly 

authorised as aforesaid, at any time to enter upon the premises hereby 

granted, and to remove therefrom and abate aU buildings, workB, or 

I materials which may have become dilapidated or abandoned, or which 

may have been constructed without the consent or appro^'al hereby 
required thereto, or which may, in the opinion of the Board of Trade, 
be injllrioUS to navigation or the publi*^ interest, and lo restore the site 
to ihe former or proper condition thereof, and to erect or construct any 
buildings or works which in the opinion of the Board of Trade may bc 

^^ required for the purpose of navigatloci Or the public interest. 

^^k And also ^¥iU pay to the Queen's Majesty, Her Heirs and Suc- 

^^^eessors, all expenses incurred by the Queen's Majesty. Her Heirs or 
Successors, or the Board of Trade, or any persons duly authorised as 

I aforesaid, of and incidental to a survey of the premises hereby granted, 

preparatory to the erection or constmction of buildings or works. 01 of 

I or incidental to any consent or approval hereby required to be given 
thereto, or which may be ibciincd in remo%nng buildings, works, or 
materials which may have become dilapidated or been abandoned, (w 
ivhich piay have been constructed nitho-ut the consent or approval 
hereby required, or which may, in the opinion of tbe Board of Trade, 
be injurious to navigation or the public interest, and all other eipcnses 

kincBtned in restoring Ihe premises hereby gr^inted to the former or 
proper condition thereof. 
AyD ALSO will not in any way binder Of obstruct the due eser- 
<nse and enjoyment of any other right or prii-ilege encepted and 
reserved out of the grant hereby made. 

And also will duly observe and perform all the stipulations and 
provisions contained in the Sth«;dule hereto. 
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Provided always, that if tbe ttnl heteby reserved ahal] he nnpaiJ 
the space of tireDty-oiie days After the same ^bsU have beccme due aad 
t>ren legally dem&ndett, nr in case defsiult shall be made in abserrAnce 
or performajice of any covenant or paivirion herein contained, and gn 
Lli-c part of Lbe graiil«e , h heirs gr assigns iq be 

obscned and peTformed, or in case Lhe 

then and in any of such cases it shall be lawful for the Queen's Majesty, 
H« Heirs or Successois. into and upon the premises hereby grnni'ed. 
or an; port thereof in the name of the whale, ta re-enter, and put an 
end to the grant hereby made, and thereupon the grant hereby madi 
shall become void accord in^jly, without prejudice t<i anv remedly of the 
Queen's Majesty, Her Heirs and Successor, under any covenajit by 
the said p-anicc herein contained. 

Provided always, and it is hereby declared, that nothing in this deed 
shall be- deemed to eitend to or aiAect any beds, seams, or veins ofctml 
or stone, or any metallic or olhcr mineral Silbslance, or auy mines or 
quarries thereof referred to in Section 21 of the Crown Lands Act, 
lS66, and furlh-er that nothing in tbis deed contained shall affect any «E 
the Hghts or powers cnentioncd in Sections as, 3j, or 24 of the same 
Act. 

Provided also, and it is hereby agreed and declared, that tf the 
Queen's Majesty, Her Heirs or Sncccs-sors, or tbe Board of Trade, 
shall at any time be desirous of purchasing the premises hereby granied. 
then the grantee , h heirs Or aasign^, shall sell the 

same to the Queen's Majesty, Her Heirs or Successors, at such price 
as shall be agreed upon, or, if not agreed upon, as sha-U bf asgert&ined 
by a.rbitration under the provisions of tbe Lands Clauses ConsolidatioQ 
Act, 1845, with respect lo lhe purchase of lands otherwise than by 
agreement, and on payment of the purchase tnoney bo ascertained 
the premises shall be re-conveyed to the Queen's Majesty, Her Hein 
or SucceK&ars. 

Provided also tlia.t this deed shal] be deemed snffidently enrolled by 
the deposit of a duplica.!? tbereof in the Office of Land Revenue 
Records and Hnrolmeots, and tbe filing or making an entry of such 
deposit by the Keeper of tbe said Records and EnrollneDtS. 

And the grantee hereby declares that accepts the grant 

and conveyance hereby made as eflectual only to the extent of such 
e^iate, right or iotercEt in the premises as may be ve&ted in the Queen* 
Majesty at the date of these presents. 

In witness whereof one of the Secretaries or Assistant Secrct»ries of 
the Board Of Trade and ihe grantee have hereunto set their respec. 
tive hands and seals the day and year Grst above wriiten.. 

The SCHEDULE above referred to. 
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II.— FORM OF LEASE OF FORESHORE. 

THIS INDENTURE, made Ihc day of l8 

be[w«n THE QUEEN'S MOST EXCELLENT MAJESTY of 
t-be lEt part, Thb Boaild oe Tradr acting b exercise of sucti of tbe 
Powers conferred by ihe Acts lolh George 4th, Chapter 50, aod 
15th and l6th of Her Majesty, Chapter 61, or any alher Act, U 
■were transferred to the Board of Trade by "The Crown Lands Act, 
t96^," of tbe and pari, and 

faereiiia.ri er called the leasee ^ of (he jrd part, WITNESSETH, that 
The BoAiiti OF Tr.ad£ on behalf of Her Majesty, and with tbe 
COlWent of the CommisaiooerS Of Her Majesty's Treasury, ^.Igiufied b]f 
(heir watrani dated the day of 

it , do bj the&e presents grant and dtmije unto the lasstt 

ALL piece of land beiag part of tbe foreshore 

and bed of the below high-«-aiei- mark opposite 

to 

iji the patisb of in tlie county 

of and cittcndtng 

Thicb said premises herebv demised are intended to be delmeatcd in 
the plan annexed tg tbese preseats and to he therein coloured 

Except neverlhelrss aod always reserving to the Queen's Majesty, 
Her Heirs and Successors, out of this present grant and demise, full 
and free right for Her and them, and for all persons by Her or iheir 
permission [which permission shall be itssumed to have been granted 
unless the contrary be shown), to Kde, drive, walk, orotlienrisepass to 
pnd fro over, and to iish and bathe upon, and to gather sea-*;i'eed or 
ware from tbe demised premises, and to land thereon good* and pas- 
sengers from vessels and boats, and to embark thpfefroni goods and 
passengers in vessels and boats, but so that ere clions. or works con- 
structed or placed on the demised premises, with the eohsenl and 
approval of the Boaid of Trade as hereby provided,, shall not be pre- 
judiced or interfered with by reosoir of the aforesaid exception and 
resei^ation. 

And also except arid adways reiter\'ing as afDr«saJd all rights of w^y 
and access to or over ttie demised pr-emises now existing by means of 
any public road, footpath, bridge, or other means, or by means of any 
road, footpaCbi or bridge shown on the said plan hereto annexed, at 
made or intended to he made. 

And akn except and always reserving to the Queen's Majesty, Her 
Heirs and Suecessnrs, and ti> the Board of Trade, and any other body 
or person duly authorised in right of the Queen's Majesty, Her Heirs or 
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SuccesflCTS, Etill rfglit to enter on the s»id d«iiUe<1 premises,, and remcivc 
therefrom dl buildings, works, or erecLJons which may have become 
dilapidaCtd or abandoned, t>r wliich may have been constructed without 
Ibe consent or approval hereby te-^uirtd thetelo,. or which may, in the 
opinion aT ihe Board of Trade, be tnjurinus to na^vigation or the public 
int«re!it, and lo restore the site 10 the fonner or proper condition thereof, 
and to erect or constnacL any buildings or worka which ntay,, iq the 
opinion of the Board of Trade, be required for the purpose of naviga- 
tion or the public interest. 

To HAVE AND TO HOLD the Said hereby demised premises unto the 

lessee , h executors, a^mimstralQrs, and assigns, for the term of 

years from the day of |S , 

YtELbtUd ANI> PAYISO tberefor during the said term unto the 
Queen's Majesty, Her Heirs and Succesiora, the yearly reot of 

pounds, lo be paid to 
th« Assistant Secretary for Ihe time being of the Pinance Department 
of the Board of Trade at the office pf the Board of Trade in London by 
equal half-jearly payments on the day gf 

and the day of io every year, free from 

all deductions on account of present or future landlords' or tcnarls' 
taies, rates, charges, or impositions, except landlord's properly tax, 
the Arst yearly payment to be made on the 

day of i^ , and the payment of tbe rent for the 

last year pf the said term to be made gn the 

day of next preceding the expiration of the said 

leriD. 

And the lessee do hereby, for esecutors, admicis- 

trators, and assigns, covenant with the Queen's Majesty, Her Heiis. 
and Succes^rs, in tnaoner fallDwing ; that is to %»y, That the lessee , 
h eieculoTs, ad mini nilra tors, and assigns, will duly pay the yearly 

rent hereby reserved, at the times and in manner hereby provided. 

And also wiQ pay the land tax, and ail other present and futiite 
landlords' and tenants' texes, rales, charges, and imposiLions, escept 
landlord's property tax, payable in respect of the demised premises, or 
by the landlord or teoant on account thereof. 

And AL^a wil] not, without tie consent In wrtttng of the Boaid of 
Trade hr^t obtained, erect or place on the demised premises any building 
or work. 

And also will, in case the Board of Trade shall consent lo ajiy 
buildiii(; or work being erected or placed on the demised premises, 
erect, place, and constrnct the same according Lo such plan aqd under 
sm;h restrictions and regulations as may be approved uf in writing by 
the Board of Trade, and oot otherwise. 

ANt> ALSO will not, in ease any such huildinp or work shall hare 



LEGAI, REOUIFUEMENTS. 



2B5 



1e*n so erected or placed on tte demised premises, at atiy time niter or 
ciCeml the same without (he ]ike c0flsell.t And approval of the Boafd of 
Trade having been first obtained. 

And also will not, wiihouc the consecit in writing ot the Board of 
Trade firs! obtained, place aoy materials, or do any other act on the 
demised premises which may, in the opinion of the Board of Trade, 
prejudice or obstmct or tend to prejudice or obstruct nivigatioii, or be 
or become injurious to the public interest. 

And also will uot comiuit or s-aStr a.ay waste, spoil, or deatrartian 
on tlie demised premises. 

And also wjU. at all times during the term her-eby granted, keep 
the demised premises in o good and proper state of repair, and in 
proper condition, free from all defects injurious to navigation or the 
adjacent lands or ttie public interest. 

And also will, during the whole time of constructing, altering, or 
exteiiding any work upon ibe demised premises, and also aTter llie com- 
pletion thereof, eihitiit and keep burning every night from sunset to 
auorisc such lights (if jiny) 3^ the Board of Trade is^hall from time to 
time require. 

And also that it shall be lawfd for tlie Queen*s Majesty, Her Heirs 
and Successors, and the Board of Trade, sad any persons duly authoi- 
ised fay Her or them, from tune to tune and at ^U leasooable limes, to 
enter into and upon and inspect the demised premises and the state 
and condiiion thereof, and of any want of repair or of any defect to 
give notice, and to place such notice in some conspicuous position upon 
the demised premises, and that the lessee ,b e3.ecutar&, adminis- 
trators, oT assigns, will, on receipt of any such notice, or upon s-ny such 
notice being placed in some conspicuous position on the demised pre- 
mbes, forthwith and withiu three calendar months from the giving or 
placing of such notice restoie Che demised premises to a proper state 
>nd coadition, and substantially and properly, and. to the satisfaction of 
the Board of Trsde, vxecut? the repalis and amendmeats, and lemove 
I ihe defects specified iu such notice. 

And also that it shall be lawful for the Queen's Majesty, Her 
Heirs or Successors, and the Board of Trade, and any persons doly 
atithorised aii aforesaid, at any time to enter itpaa the demised pteimscs, 
and to remove ibercfrom and abate iill buildings, works, or materials 
which may have become dilapidated or abandoned, or which may have 
I been consttucled without the consent or approval hereby required 
thereto, or wliich may, in the opinion of the Board of Trade, bo 
injurious to na.vigation or Che public interest, and to resto-re the site to 
the former pr proper condition thereof, and to erect or construct any 
biiUdings or works which, in the opinion of the Board of Trade, may 
be retjuircd for the purpose of navigation or tlie public interest, 
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And Al-SO will pay Id tliC Queen's Majesly, Her Heirt 01- Succ«*Ortr 
ftU expenses incurred by the Queen's Majestyi Hct Heira or Successors, 
or the Board of Trade, or any persons duly authorised as aforesaid, of 
■n incitilc'alal W a survey of (he demised premises preparatory i-o lue 
crecLion or coDslructioi] of buildings or worlis, or of or incideutal lo an)' 
consent oi approva] hereby r^qoiiEd to be given thereld, Or ivhieh muf 
be incurred in removing buildings, works, or mateiiais which may have 
become dJUpidaCed or been a-bandoned, or wbjch may have been cau- 
itrPCted without the consent or approval hereby required, at which 
may, in the opiuion of ihe Board of Trade, be injaiious to naTigation or 
IJic public intereal, aud all Other expenses ilIi;LHTed In resturiBg the 
demised piemisea lo the former or proper condiiioa thereof. 

And also will not Id any w»y binder or obitruct tUe due exerd&e 
and eujoymeat of any other right or privilege «scepted and reserved 
out of the demise hereby made. 

AMD ALSO will not assign or underlet the demised premises or any 
part theteof without Ibe consent in writing of the Board of Tr^de tirsl 
obtained. 

* Ajsd also will csiix all assignments of the demised premiseii or 
any part thereof made with such consent as aforesaid, and all probates 
and letters of admiaj strati on alTecting the same premises, to he, wkhin 
six calendar months after the d^te thereof, entered aad enrolled in the 
Office of Land Revenue Records aud Enrolments, in the Coasolsdaied 
Record &Dd Writ Office, Cbaocery Division of the High Court of 
Justice in Ireland. 

And also will duly observe and perform all the atipulatioo^ and 
provisions contained io the Schedule hereto. 

Akd also will, at Ibe eipiralion or other sooner deterTuination of 
the term hereby graated, deliver up the demised premises to Ihe 
Queeu's Majei-ty, Her Heirs or Successors, in good and substantial 
repair and proper coudition, having regard lo the erections aud works 
to be authorised purisuant to the proYisions of these preseots. 

Provided always, that if the rebt hereby reserved shall be unpaid 
for t*enly.one days ;ifter any day herehy appointed for payment 
thereof, whether legally demanded or not, or in case default shall be 
made in observance or perfocruance of any covenant or provisJoa hertnn 
contained, and on the part of the l^isee , h executors, udminia- 

Irators, or assigns, to be observed and performed, or if any act shall 
he done or suffered whereby the demised premises or any pari thereof 
shall, withuut the assent of the Board of Trade tirst obtained, become 
Tested in any person other than the lessee , or other than auy of the 
following peisoas, oamely, an assignee becoming ^licfa with such assent 
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u aforesaid r or an executor, or adinjnistratiir, or legatee of Lhe lessee 

or of any aiich i^sifuee, or in c^ise the 



then and in any of svicb cases the term hereb}' granted shall cease wilb- 
out prejudice to any remedy of the Qineen's Majesty, Her Heirs 
or Successors, under my covenant by the said lessee herein con- 
tained. 

Proi^ded always, anJ it is hereby declared, ibat nothing in tbii deed 
shall be deemed to extend to or affect nay beds, seam^, or 'vein.S of coal 
or stoDE, or any metallic 01" 01 her mineral substance, or any mines o-r 
quarries thereof referred to in section zi of " The Cra*n Lands Act, 
1866," aad further that notbitig in this- deed contajoed shall affect any 
of the rights or powers mentioned in sections 3S] 21, 01 24 of the sa.Sie 
Act, 

Provided also, and it is tereby agreed and declared, that if (he 
Queen's Majesty, Her Heiis or Successors, or the Board of Trade, shall at 
any time be desirous of purchasing the demised premises for all the residue 
of the term hereby granted, the then lesiiee , h executors, adtninistra^ 
tors, or assigns, shall sell the satne to the Queen's Majesty, Her Heirs 
or SuccesjorE, at such price as shall be a];reed upon, or if not agreed 
upon BS :>hali be a^irertaiued by ajbitratioa under the provisina^ of 
"The Lands Clauseb CoDsolidation Act, 1845," with respect to the 
purchase of lands otherwise than hy agreement, and on payment of the 
purchase money so ascertained the demised premises shall be sur- 
leadered lo the Qneea's Maje^ity, Her Heirs or Successors, to the 
intent that the term hereby granted may merge and be eiiingui!,hed. 

•Provided always, that this deed shall be deemed sufEciently enrolled 
by the deposit of a duplicate thereof in the Office of Land Revenue 
Kecords and Enrolments, and the Aling or making an entry of <.uch 
deposit by the Keeper of the &aid Records and Enrolments in the 
Consolidated Record and Writ Office, Chancery DiviMon of the High 
Court of Justice in Ireland, and the Jiting and making an entry of such 
deposit by the clerk of the Records and Writs. 

And the lessee hereby declares that accepts the grant and 

demise hereby mide as effectual only to the extent of duch estate^ right 
01 interest in the premises as may be vested in the Queen's Majesty at 
the dale of these presents. 

la witness whereof one of th-e Secretaries or Assistant Secretaries of 
the Board of Trade and the lessee haTc herennto set their respeclire 
huid» and seals the day aikd year fiisC above wriCCen. 

The SCHEDULE above referred to, 

* OmU nonia wkic3k do Dot sppljr. 
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m^ The figures la heavy type denote the consecuth'e niimher af iht 
note ; l/tase in old-face type itrtintdiaUly follffwing, refer to ths 
page ^f this voluiiu on 'which the naU occurs. 

1. l.~-Rt!ports on the Parts Universal Exhibition 1S6^, iv. 31I. 

2, a. — Surveyois' Institution, Transaciionr, xv. 299. 

3. 2. — Embanking Lands from the Sen, 54. 

4, 2. — Institution of Civil Engineers, Minutes of Proceedings, Kii. 
467-468. 

fi. 3.-/6. xjdii. 183. 
g, 3, — 75. xii. 468, 

?■ 3- — Royal Agricnltujul Society, faurnal, ind. S.^ iii. 665'. 
8. J.^lna-titattoa tjf Civil Engineers, MiftuUs lif Praciiditigi, ilvi. 
77. 

B. \.—lh. ilvi. 73. 

10. 4.— A, C-F, H, J-L. P, Q, -Surveyors' I^^stitutio^, TVoffj- 
acto/u, sV. 306 : B, G, -I, O, U, -Wiggins, /.c. 173-186 : M, N, R, V, 
Institution of Civil KogineerSp Minutes of Procfedingi, x\i, 463, 4S5 ; 
xxiii. I&3: S, T, iHStitnttoti of Civil Engineers of Ireland, Trans- 
actions, vii. 103-105. 

U. 6. — i-x, S4, 174. 

13, 7. — D. Stevenson, Reclamation and Protection of Agricultural 
Land, 24. 

13. 9. — Institution of Civil Engineers, AfinuUs af Praaedingi, Jtti. 
4S0, 481, 

11. II.— Condensed from J. F. W. Johnston, Leelurts on Agri- 
cultural Chfnmtry, znd. ed,, 443-445. 

IE. ] I. — The mode oC exsmimng willi the view of naming stalls, 3S 
above, is very §imp]e. Il is only necessary lo spread a wcigted quaiilily 
of the soil in i thin layer upon a-riting paper, and (o dry it for an hour 
or two in an oven or upon a. hot plate, the heat of which lii not suflicient 
[o discolour the paper— the loss of weight gives the water it couiained. 
While this is drying, a second weighed porLion may be boiled or other-- 
■wise thorougiily incorporated with water and the whole Chen poured 
into a vessel, in which the heavy tiindy parts are ^owed. to suhiiide 

V 
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until the fine clay is beginning to settle also. This point must be caw- 
fully w»tchei], the liquid then pouied <]!¥, the E^nd collected^ dried as 
hefofe upoQ paper, and again weighed. This weigh! is the qua^nlity at 
sand in ihe known weight of tnoist soil, which by ibe prcvicnis 
expeiimenl has been fouTid iQ contain a. certain quantity of water. 

Thus, suppose two portions, each zoo grs., arc weighed, and the ont 
in the owen loses 50 grs, of water, and the Other leaves 60 ^rs, of sand, — 
then the 100 gre. of m^ist are &qua! 10 150 grs. of dry soil, aad these 
150 ETS. of dry soil conuin 6d of ^and, or 40 in 100 (40 per cent.}. It 
would, thecefore, be properly called a day /oam. 

The del«miinalion of the lime, whea it exceeds J per c«&t<, is 
attended with no difficulty. Thus, 

To 100 grs. of Ihe dty soil difFuaed throogh half a pint of cold wateii 
add half a wine glassful! ofmurintic acid (the spiritof saltof the sbop^), 
Ktir it occasionally during the day, and let it stand over night to settle. 
Pour O'fT the clear liquor in the morning and till up the vessel with 
water, to wash away the excess of acid. When the watei- is again 
clear, pour it off, dry the soil and weigh it — the loss will amoiinC 
generally to about one per cent, more than the quajility of lime present, 
The resuU will be sufficiently near, however, for the pnrptiges of 
classiiication. If the loss exceed 5 grs. from too of the dry soil, it may 
be classed among the mails, if more than zo grs. among the calcareous 
soils. 

The method of determining the amount of vegetable matter, for the 
purposes of clas^iication, is la dry the soil well in an oveji, a.Qd wei^fa 
it ; then to hieat It lo dull ledness over a lamp or a. bright fire till tbe 
combustible matter is burned away. The loss on again weighing is the 
quantity of organic matter. 

Summary. — The several steps^ therefore, which are necessary to 
examining a soil with the wew of so far determining its composition as 
to be able predsely to n&me and classify it, will be best taken in the 
following order : — 

It. Weigh 100 grains of the soil, spread them in a thin layer opov 
white paper, and place them for some hours ra an oven or other hot 
place, the heat of which may be raised tiE it begins slightly to discolooi 
the paper. The loss is water. 

!*■ Let it now {a.iler diying and weighing^ be burned over the fire as 
above described. The second lois is organic, chiefly vegetable matter, 
with a little water, which still remained in the sod after drying. 

3"* Afier being thus burned, let it be put into half a pint of water 
wit!i half n wine glass full of spirit of salt and frequently stirred. 
When minute bubbles of air cease to rise from the soil on. settling, 
this process maybe considered as at an end. The loss by thistreatraeni 
■will be a liiile more than the ttne per-eenlage of liaie, and it will 
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gen^r^y ix amvr the Irath if that portion of soil be employed, which 
has been previously heated to redness, 

4'*' A fresh portion of the soil, perhaps aoo gruas in its moist stale, 
may now be taken and washed to deleimine the quanlity ot siliceous 
saad it coDtaius. If the residual sand ix supposed to contdTi calcareous 
matter its amount mgy readily be deiermined hy treating the dried sand 
with diluted rauriatic arid, io the same way as when determitliog the 
whole amriunt of lime (3'*'} contained in the unwashed soil," 

* The neigihle^ for tbd purtica«l h6i« deSciibeil maj he cnade in a small 
balance trilb gyaiTi weights, lold hy the diuffpii^Es for 59. or 6s-| a.nd tlie ve|^e- 
tabic malter maybe bunied anay on » ultp of sLuet Itud or in n-a untinned iron 
table ifoc-h ov^r i brigbt cinder or cb.irc-oa] fire — care being t^lceo tbjf no 
l?9l« Dl I7xide, wbicb may bt formed oik the iiiin, ht sUiiWrA to min iritb the 
^1 when cold, and thus iDcie^se it; wciglit. Thine wtio are inclined caper- 
iarr^ the iattQr OpcmtlOQ taorr; acAEly, may obtaia fof ib-aut t>t. eii<;:h— frDftl 
the dC'tlers in chemical .a-pparatus — ihtc ligTkt platinunL capnulea froin. i lo t^ 
inches in diaiattsf, eipahle af lieliling 50 oi loo grs. of »oi], and for a few 

cb the 



Kbil]in|r.^ nrnrc a !<pirit lamp, over whn _ 

l» bunked awaj. WiEb care, one af tbese litlk Cdplules will kerte a lifetime'. 



ne uejfetable matter iif tfao SftH waf 



£xampU.^Aiong the outcrop of soin* of the upper beds of the 
green SAud . . , occur patcbeij of a loose friable gfv^ soil mixed with 
occasional fragments of Hinl, which is ngted for producing excellent 
cropsof wheat every other year. . . . I select a portioiti-of thissoil . . . 
for my preseat iflustr&ttoQ. 

I?-. After being dried in the ait and by keeping some time in paper, 
it was dried for wme hours at a temperature suGicieat to give the white 
paper below it a scarcely perceptible tinge : by this process ia4j~gr$. 
lost 4 grs. 

a*- When thusdriedit wasiheated todnllredness. Itfirstblackcned, 
but gradually assumed a pale brick colour, the change, of course, 
btg'i'^wg 3' the edge-s. The loss by tbis procras was 4J gis. 

jO' After this heating, it was. pal into half a pint of pure rain water 
with half a wifie glass of Spirit of salt. After sOme hours, when the 
acdon had ceased, the soil was washed ani dried again at a dull red 
h'Cat, The loss amounted to 3 grs. 

4°' Washed with water by decantation too grs. of th« soil left 70 grs. 
of very fine sand, 01 104J grs, would have left 73. grs. 

The soil, therefore, contained— 



"Water .... 


■ 4 grs- 


3'9 per cent. 


Organic matter, {less than) 


■ 4i „ 


4-' 


Carbanstfi oflime, (less than) 


■ 3 » 


3'0 .. 


Oay .... 


. zoj „ 


190 


Sand, £»«iy fine) 


' 73 ., 


;o-o ,, 



104 j coo " 

■ Some of tiewn«iDberi differ by ft mii»«ie fraction, frgm itote io the pre- 

rioui caluiDa ; Uiis ia becauM: they are calculated fruiD the Euore carrcct 
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dcCLRa^] fnLfCtanq>caiitaTnad in td^ dwd Rate book. Thcorg'^nlc matter ii tai^ 
ta be Jgjs fAitii the number bcro ^vea, becau^o bj iim|)lG Arjin^^ am bare prE- 



leCaihcd hy Che claj, wbLch is oat entirslf e:q)ellei3 till ihe soil la railed tteady 
Co A red beat. Kcacc ch« )oss bv thif Kfona be^Lfa^ must alwayi he EreaE«r 
tbajl tb« Sttaal wciebl O-l' tba drsanic matttir pr««BnC. The liMA [t iSlO liit 
tkirn tliB nTimber g'tven, becAir-ift t1i« ^cid diuolres a. Ijittle alurnina .04 well m 
any carbooaM orudKiiHia which niay be pres^itit. 

This soU, therefore, containing 70 per cent, of sand, separable by 
rlccantatioo, is properly a sandy loaai. (J. F. W, Johnston, Lectures 
i>n Agricultural Chemistry, and -ed. 443-447.) 

Al p. 1073-1092 arc given meihods of m&re minute analysts; but 
the?? PTC outside thfl scope of" Engittetring investigation save in csjes 
where the services of an analytical chemist are not obtainable. 

Ifl, 12. — Lectures ea Agricultural Chemistry, 2IHl ed. 524. 

17. 12— Royal AgricnlLural Society, Journal, 2nd S., iii. 668. 

18. 12. — £.[at3raad Trapp, cited tn InstUuLian of Civil Eug^eers, 
Minutes b/ Proceedings, :ixi, 435. 

IB. 12.^ — Recla-matiaTi and ProCectian of AgricvUurol Land, 23. 
20. 12. — Royal Agncidtural Sacietyf Journal, Snd S., iv, 34. 

51. I ij. — Embanking Lands frotm the Sett, 75'^* 
as. 15.— -/fi. 73. 
S3. 16, — L.e. 31. 

24, J(j.— lostilutian of Civil Engineei^, MinuUs of Proeeedin^s, 
xx\. 4S4. 

2B. I-S. — J. Wiggins, Embanking Lands from the Sea, 83. 

38. Jg. — D. Stevenson, Reclamation and Protection of Agricultural 
Land, 13. 

E7. 19.— J. Wiggins, I.e. S4. 

23, 20. — ^J. Licehsin, The Drainage Enginter, 107, 

28. 20. — Institution of Civil Sngineeia, Aiinutes af Prvceedine^, 

30. 20.— A, )dv. 94. 

31. 20. — Rivers and Canals, 2nd ed. >, 13. 

52. 21. — t}.^\.^vsa'ion,Canal and River Engineering, 3rd ed. rjo. 

33. 21. — W. H. Wheeler, Drainage ef Fens and Lam Lands^ 9, 

34. 22, — J, Wiggins, l,c, 80, 

35. 23. — Institution of Ciwl Engineers, Minutes of PrvcredtHgt, 
Ufl. 468. 

36. 23. — lb. xiv. 249, 

37. 25. — American Society of Civii Engineers, Transaciiarts, iivi, 
553, 569. 

38. 25.— i.e. 48. 

38. 26. — ItiiiCitutioa of Civil Engtne^s, Minvtis af Proceedings, 
xxi. 44 r. 
40. 36. — Jb. xxi. 469. 
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41. 30.— J. 'WiggiDS, l.f. ja-yx. 

43. 31. — "The Engineering of Holland," in Weale's Quarterly 
Papers on Engineerings toI, ii. 

43, l\.—Lx. 68. 

44^ 34, — laslitution af Civil Engin&eis, Minutes (rf Proceeding!, 
lii. +67. 

45. 34. — Roya] AgricultuTal Society, yttumai, and S., iii. 664. 

46. 36.— Institution of Civil Engineers, MimtCes of Proceedings, 

vi. 480. 

47. yj.—L.c. 21. 

48. 33.— Royal Agricultural Society, youmal, and S., iii, 656, 

49. 39. — Institation of Civil Eogineera, Minulei of Proceedingt, 
ii, (1^4-2) 129. 

60. 39. — Royal AgriculLural Society, journal, and S,, iii. 659. 

61. 39. — Institntion of Civil Engineers, Minutes of ProceedtKgs, 
xxi. 440, 461. 

sa. 39. — 2h, xiv. 243, xxi. 482. 

55. 40. — Ih. vi. 122, 97. 
54. 40. — L.c. I'^elseqq. 

56. 44, — Institution of Civil EugiDCCrs, Minutes of Preeeedings, 

i. (iS4i)[4i^ 

68. 44. — L.(, 30. 
87. 45.-/6.23, 18. 

58. 45. — "The Eogineering of HoUandj" in Wealc's Quarterly 
Pttpirs art Engineering, vol. ii, 

69. 46. — Institution of Civil £iigiTi«ers, Minutex Df PrrxeediH^s, 
jod. 440, 49 1 . 

00, 46. — Institutioo of Civil Engineers of Irel.aiid, Transactioni, 
™. 105. 

61. 47. — Institution of Civil Engineen, Minutes if Proceedings, 
xxviii. 503. 

ee. ^-j.—ib. vi. 477. 

63. iS.—/if. xxi. 462. 

84. 43. — Institution of Civil Engineers of Ireland, Traruactions, 
vii. 104. 

65. jO.^InatitTition of Civil Engineers, Minutes of Proceedings, 
1x1.431,438-442. 

66. 53. — "The Eflgineering of Holland," in Weade's Quarterly 
Papers ort Rngineering, vol. ii, 

67- 53. — Institution of Civil Engineers, Minutes of Proceedings, 
vi. ^6, ^1. 

63. 5&.— /6. xsi. 472, 473. 
09. 69.— Z.i-. 24-46. 

70. 70. — LnslJtuiioiL of Civil Enginc'Cis, Minutes of Proceedings, 
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vi, iTfiet sgqg. The subjoined est ract shows the useful character of tie 
I'ablf Kfetred ia, 

Tablh of the Lrngth, Pewod, and VHLOOTr of the 
TBANSUissiOH of Waves of the Second Order. 



ColumD A, leneih cf Waves 


oFeet. 






|H 


B, period of Waves ia Se>coiid5 






l> 


C, calculsLtcd Velocity of Waves in Feet per Second. 


A. 


B. 


C- 


A. 


B. 


C. 


2 


7+8 


2-672 


SO 


374 


i3-3« 


i 


loss 


377« 


100 


5-29 


rse^ 


1296 


4-6zS 


200 


r-48 


26-72 


8 


1*95 

I 670 


S-334 


300 


9"S& 


3a-73 


10 


5-975 


400 


10-58 


377« 


20 


2'366 


S-45 


Soo 


11-83 


4= 'as 


30 


2'90 


I0'34 


1,000 


16-70 


59*75 


\o 


3 34 


'i9S 


ijOOo 


13-66 


845 



71. 11.— 'li, ilti. 65. The cost of conveyance to the work (45.) is 
prubably somewhat eKceptional in the case citedj the distance having 
b&en abont 5 ntiles, and the boats only a1}le to navigate the river on the 
tide. 

72. 77.-76. xli. 161-164. 

73. 77. — "Sea Coast Protection,'* in 71u Enginter, 19 M^y, 
1899, p. 4S3. 

74. 78.^ — Ameriican Society of Civil Eo^neers, Prouedings, iiui. 
36-117, giving full dct.iils of construction and eost: (he cost in recent 
yeare of mats fiaed in place, seems to be at the rale of about js. 5d;. per 
squaie yard. It is scarcely needful to remark that the cooditions iindei 
which such work iis executed in a river differ immensely from those of 
mark OH & sea-shorej and greatly in favour of the former. 

76. 79> — InftLLuLion ot Civil Engineers, Minutes of Proceedings. 
Mi, 443. 

78. 8z, — De Luc, Gtxilogical Travels, dted by J. Wiggins, l,c, 202. 

77. M.^Lx. 41. 

78. 84.— losCitutbn of Civil Engincera, Minims n/ I^ceedin^i, 
itciii. I6&-379. 

78. 85.— 7S. ™. 468. 

80. 86. — L.c. 52. And at p. 61 he gives his reasons for prefemng 
several opening^s to a single one. 
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81, S9. — InsUtulioo of CiviJ Ertgtnects, Afinutet ofProcMdiitgi, xxiii. 
1^. Aprons are a\sa made of bags of sund or b-illasl, staked do^trn. 

82. c^i. — American Society of Civil Engineers, Transactums, sxvi. 

B3. 91. — Instittttion of Ci'ril Kaginens, Minutet of ProtccdiitgSf 

xii. 440, 

84. 9>. — Ainerican Society of Civil EngiQeers, Tr<MS<utioni, uvi. 
570- 

S6. qi.—Ib, ixvi. 571. 

88. 94.— Zie Enginter, 30 Oct, 1868, p. 328. The result of 
eiperimenls with tliis invention dries not appear lu hive beea publb-hed. 

87. 95.— InsLitulion of Civil Engineers, MiittUss ef Proceedings, 
^- 99' But cf. what is Etated at p. 151-153 of our text. 

88. ^(u^L.c. 59-61. 

89. gS.^Eastiituljon. of Civil Engiaeers, MtHuUt of Procettfingir, 
xni. 46^. This seillcinciil aiiioimts to about one-scTcnLt of tbe heig^ht 
to which, the bank was raided. Kfr, Wiggins allows frcHn oiie-eighLl] Lo 
one-lirih. The allawance in Dutch practice ia said to be fciim '□ne- 
aev^iiih to -one- twentieth. 

BO. 100. — J, Wiggins, ^,f. 111. ■ 

91. 101. — lb. 313. 

eS. roi.— Mr. W. H. Wheeler, M. Insl. C.E., to the Author. 

&a. 101, — American Society of Civil Kogineers, Tmnsadiortt, SKvi. 
578, 579- 

94. t03 .— Institulion of Ci^il Eagineers, Minutei of Frgceedii'gi, 
xii. 4(13. 

96. I04. — L.c. 50-52, 

98. 105 ^Institution of Civil Engineers, MinuUs of Proceedings, 
xxi. 4 So. 

&7- io6, — Ih. Kii. 177-173, 

98. 107.— J, Wiggins. l-( iB, 62, 

B9. 110.-76. ig, zij. The lenn " flood-ilanking" in this sense 
seems to be purely local. Mr. Wheeler informs me thai there was ULi 
' expression used by navviesi in eiobiuikiiig, "flood-fan^iog," which meant 
the biinging-up of tlie banlt lo the height needful fores-eluding the 
tide (not ils full idtinLnte height), When the watiet was ihuE shut out 
from the intake, the hank was " flood-fanged." 

100. 112.— Institution of Civil Engineers, jl/f'sHfej of Proetedings. 
xxi. 478, 4;g, 

101. 114.— Z.c. 52-54. 

102. iig. — Surveyors' Institution, Tranjoi^iifM-, xv. 316, 3.17. 

103. lio. — L.c. 57. 

104. 122 — lb. ei8-220. 
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MK. u}.— bsttriHt tf Cad ra|,Mmi. JWwiaer ^ Pnaedmp, 
wi «Ti. *?»- 

«f Ota gfi^-^ts J/fiii^L'j Iff Pnetedatgi, 

ikst bjr aoMC of the Dmiah 

d^CBnH> ■vde «f dAiwODg a 

at Ar foot-cr the EbOBg.— Hie 

(cL 4. %ft, ^S^ ita finn npper layer 




BLWeak's QiMrUrfy 



m. ijS.— laoiDHMB of Old 

11», ijo.— I, WiQpH. /^ m 45. "o- 

IM. rji.— -tfe tiit-Miii»t ftf aidfaHl," 
Fkftmn ["ii^iwi I'lj,. ««L u. 

LU^ 131. — Ti ■■; !■ iliwri<«il whi iW 1 iiiwi jiiiliiiiiijimiiii 1 1 j^i I ilili 
K tobc fonad tn Ea^sfc ao^i^Klifanc ^t*™^" the niaiQcs mentioned 
jp tW T*— *, kbeacsor ba>e ibe timliMril desgDatioo^ of Ammtifikda 
■naaAavo^ ^ta^HNH «*«Man^ Ahmmb arimduiacai ; vaA iht 
E^rEA Ma Uaa^ UaKi^K^ CoHBiaB Uamm, Bent-gns, Mat* 
weed. Sm^kb*. ^^t^sh, Sa-faeU. and Sea-nuU aU eauOng in 
[■■i . Ill iiTi ijBriwHj iilliiii !■ |iihiiiIm iriii " "•' j ' A pa^^ge 
^ ^*i . ^ m tbc ffem ^M^idk DktiamMty ■meatiaas it 2s " known to ibe 
n^MiMili I I W Om MMme of Uama, md to the English by thai of 

ua. iji.— Imilari oa of Go^ SagBBeis, 3iitaiUs 0/ Pnaediag!. 
w. 117 ; S3.TW. 5e3. 

117. 1 jb. — W. H. Wbeekr, TUai Rimrf, 400, Sit; and additional 
poitimlHSi 'nmnmnkaled by Idhi to Um Auth&e. 

118- 137. — lastkntioa of CrdI EngJoeers, SSiituUs of Procrtdirngt, 
xli-i, 65- In the di sPBa on 00 bis Paper, Mr. WTieeler (p, 79] adds : — 
** For j£i per locd atanf cslnnics nigbl be trAioed in which ihc cost nf 
BtoDevark voaM ciLtkdy piedode improTcmenc." 

US- 138,— Z,r. 54, 

120. ijS.^lBMitWion of Cjiil Enstneeis, MumUi of Frocttdings, 
ihi. 74- 

lai. 139.— riyU£<Wn, Hi- 
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132. 141. Inslitution of Civil EnEln^erSj Minutes of Proceedings, 
xx\. 441 ; v^^•m. 499, 

133. 142. — /b. vi, 99. 
1S4. 143. — L.C. 232-234. 

12&. 143. — Inslitution nf Civil Enginecii, AfinvUt of Proceedings, 
li. 306. 

136. 145. ^/J. li. 207.210. 

'l87. 147. — Institutioa of CivU S^gmeeis of Ireland, IhmaetiorUf 
xii. 13. 

138. 151,— 7S. IV. 70-75, Kz, 

J39t 156. — "Sea Cciast Protection," io The Sngineer, 14 April, 
'899. ?■ 354- 

130. 157. — Institution of Civil Engineers, Minutes of Proceedings, 
vi. qq, 117. 

131. C57. — Ameiican Society of Civil Engioceis, Transattioni, 
xivi. 5S4. 

182. 15S. — Redamaiioa anJ PraUetiffn of Agricfltwral Land, 61, 
64. 

188. iGi. — W. H. Wheeler, .Crsindjv of Fens and Lou Lands, 
8.9. 

184. l6i. — L.c. 90. 

13B. 162.— Mr. Smith, of DeanstoiLr quoted in D^inpsey Si Clark, 
£>rainage, 3rd ed., 79. 88. 

138. I f>i.^ Drainage of Fens and Low Lands, 10,43. 

13-?. 163.— Dempsey & Clark, I.e., B4. 

136. 164.— i.e. 90. 

13S. 170. — Drainage of Fens and LoiB Lands, io-z6. 

140. 171. — L.c. 94. 

141. 171. — Institution of Civil Engineers, Minutes of Proceedings, 
-vi.98. 

142. 171.— iPfZ/'appears- to te eiymoloEically the morecorrecl ; hni 
UieJaUer form is preferable as being distindive from the earthenware 
50 called. In Telation to drainage, it is -defined in tic jVWe English 
Dictionary as a trench, or dilch, and as "specifically applied to the 
drainage canals in the fen. districts nf the eastern conn ties." Allhoiigh 
n-oled as being "now only lecaJ," it is worthy of general adoption as a 
leim to dtnole Ihe pajlicalar waler-ctanrel described in the lent. l.Q 
this sense it is invariably employed by Mr. Wiggins. 

143. 173,— Institation of Civil Engineers, MinaUs ef Proceedings^ 
vi. 98. 
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144. 173.— £.^.46. 

146. itb.—Drairtage of Fens and Law Lands, 27-33. Another 
eiamp!* is also given. Fnr Ihp sake of illustralion, Ihe several data are 
here changed so as to make tbem carrespoad witb those of Lhe example 
given in tbc text : — 

A sBnlm, vicb nciinted |)ilers, anil d-ooTB. frnllv Gpen, allowing s tree diicbar^ 
of the »3(cri having tlircc opeoirg-s of 16 fert each, witb dcptli if water 9 fret, 
aoii a hvaA ai 'oqt^ foot, ffoutd aiflcbar|re ^4 per -ceaE. being allowed for fric- 
tiaa) i,oiq cubic (ert pei- Bocond, 

turn = (()■ n" « ^ ' 0" X J = |j»' c". 

Velocity = 8 V^^a; x -^ = a'jsS (eelperstcond. 

Discharge = ^ja ■ ''33^ =■ >oio cubic feet per iocond. 

If the w&ter ^p^ro-achfd thd BluLi^e witb a velocity of I' jo "feet peir second^ 
all owan CO would lequire to be made for the head due lo this, tlieii:-^ 

B«ad due to tktt ^ A = ( '5° Y = ejSi. 

A^Jin^ t^i" to Cbe be^ throiij^h the «luic-e, the ^ea^ = '<><^f7 4- 'o^Sr =^ 'TjOi, 
wliich gives d ucl-ncity i-f E'j;! lei;t per secacd, and a. discharge of fji x 2*778 
= 1900 cubic feet per Kecond. 

In the Appendix, two useful Tables are givca far fagilitatitig 
calculation at tides and tidal sluii.es, here with slight modilicAlioa 

reproilQC&d. 



TAB1.B A. 

To find the quantify of vmtfr due to 24 hourf rainjalt to be dis- 
charged in a limited time omirig to the sluice being clffSed by thf tidf^ 



No. oFHoun 






No. of Hours 




Slutce DnofB 






Sluice iJoorE 




Opm ea.cb 






Opfik each 




ride. 


U 


ultiplier. 


Tide. 


MultiplCn 


IZ 




!• 


6 


2- 


11 




vm 


5 


44 


10 




I -JO 


4 


- y 


9 




1-33 


3 


■ 4" 


8 




1-50 


2 


. 6- 


J - 




171 


I 


. I2- 



Multiply the given discharge per hour, ininute. or seconil, by the 
multiplier cippo^te the Dumber representing the boiirs the sluice doois 
are open each tide. 

Example,— "^h^ disch^rg^ from th« raJtiJall of 24 hours over a gneii 
area is equal Co 500 cubic feet per mioule. This has to pass through a 
sluice, the doors of which are cloeed 5 hours each tide, or to hours out 
ftf the 24, consequently the discharge will have to be cliecled in (4 
hours, or 7 houre each tide, ajid the quantity per minute will be 

500 X 171 = 855 cubic feet. 
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Tabie B. 



To aitertain Che lime the deori of a iluUe are closed fy /he tide. 



Falling Tid$, 
1 ime aiter Hi^fa. 

Water, 
■-■. 

O'JO . 

I' 

[■30 . 

a" 

I -JO 

y 

no ■ 
4- 

4'10 . 

s- 
5-io ■ 



Conituirt, 
Ebb asi flood. 



■96 

■ga 
■84 

7S 

so 

■3* 
■36 
■16 

■08 
■025 



Rising Ttao. 

Ump aftei Low 

WatM. 

6- 

5-3° 

S" 

430 
4' 
3-30 

3- 
3-30 

3' 

1-30 
I 

0-jo 



iiaving ascertained (he level of the sill of the sliuce with reference ta 
low-water ic the sea or estuary Into which tlie sliact dhchargcs : add 
tliis to the depth of water in ibc diain if the sill b above li5*-water 
mark, and deduct if the sill is below iDw-water mark. Divide the sum 
(or Ihs di&eTeaix) by Xhe range of tide for ibe day. The cgastaut (in 
rniddle colunin of Table) nearest to the result will give in tte right- 
liand column tte time after low-water when the doors will close wiiL 
the rising tide, and in the left-hatii colunm the tiifle after high-water 
when they will open a^n on the falling tide, 

Example, — Suppose the fange of tide to be 2Z feet ; the sill o-f the 
sluice to be 6 feet above low-water ; and the surface of water in the 
drain 4 feet above sill (or 6 + 4. =10 feet above low'-water mark), 
accomiilatiQg dming tide-time to 8 feet above sOl [or 6 -h -8 = r^ feet 
above low. water mark). Then 10 divided by zz = D-45, which is 
flea.rly thg inga.n between 2 hours 30 minutes and 3 honrs in right-baiid 
column. The doors will therefore close z^ hours after low-WAter, 
leavlLig 3} boors to high-water, Again : 14 divided by 22 = 0'b3, 
which gives in left-hand column the time for their opening as sj hpurq 
aflei high-water. The doors will thus be shut for %^ + 2^ ^ 5I hours 
each tide, or 11 j in the 34. Th« diain. must therefore be constructed 
to discharge in 12J hours the water due to the rainfall of 24 hours. 

If the sill is 3 inchee below low-water marlc [ihe other conditions 
being a9 above}, the surface of water in diaiu will be 4"0 ~ D'25 = 375 
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ftlMve low-water. ±-ik = d-IT, and the dooeswill -close l4 hour aftei 

low-water, leaving 4 J honrs lo high- water. Again : S-o — Q-25 = 7?5 ; 

and '-J^ ™ o 35, which gives the lime for their Dpeniag as nearly 3J 

hours after high-wa,ier ; and they will thus be shut for about 8^ hours 
each tide, DT 16J in the 34. The drain mnst therefore be cortsl^ucied 
In discharge in. ;| hours the water due lo the rainfall of zf houis. 

Tabic B cmablea one alio : — 

Ta ascertain tfiff hfight of the tide at any hour during the fib ^"d 
Che flood. 

Miiltipl}' tht raogt of the tide for the day by the constant (in middle 
column) opposite the time required. The resiolt will give (he height of 
the tide at that time. 

Example. — Suppose the range of tide to be Si feet. To wha.t height 
will it have riicn sj hours, after low-water? 4fid lo what will it have 
fallen sj hoars after high-water P For a riang tide, the constant 
opposite 2 A. 30m. is o-jS; and 0-38 ir aa = 8-36 feet, the height at 
2J hours after low-water. For a tallirig tide, the constant oppcisitc 
3 h. 30 m. \s 0'f)3 ; and 0-63 it aa = >3"H6 feet, the height at 2^ hours 
after high -water. 

140- r 86,— Com mniii rated to the Anthqr by Mr. W. H, 'Wlieeler. 

147. 188.— Zfti* JVindmiil as a Prime Mtwer. 8'. 1885. New 
York, p, 72. 

145. 203. — DratTtage of Fens and T-fno Lands, 50, 73-90. 

146, 205.^The s-ubjoined Table will facilitate calculation, To 
obtaJB the <-.*if^ average daily rainfall, multipJy the annual rainfall by 
■cxjay^. It ia however best, us a maigin of safety lor exceptional fall 
on occasion, to multiply annual rainfall by '0076 as recomiaeniJed 
at p. 161, and to use the fractions of an inch 50 found, tor iL^cer- 
tiUiiing the multipliers, If it is desired to work tg smaller fractions 
than tenths, bundiedths can be found by shifting the dechnal point Df 
the multiplier one place to the left, thouaandibs by shifting it t^'D places 
Id the left, and so on. Example : — Required the cubic feel per miiiute 
per acre for a daily rainfall Dr-t3& inch. In the column of multiplier^. 



'I inch 
■006 „ 



Multiplier for -136 



■3521 

'075.62 

■oisus 

-3+jS 



i 



AcreagiC x ■3428 = Total cubic feet per minute. 
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Table C. 






Rainfitll 
in 3^ 

I>edinat( 
ofaD 
lach. 


Multiplier 
lirr Cubic 

Feet 
per llinute 
per Acrs. 


Multiplier 

for 

W. H. P. 

pGr Foot of 

Lilt per 

Acre. 


Rainfall 

in 14 
Hduis. 

Eiglitha 

■ot an 
Inch. 


^kiFultTplfer 

r^r Cubic 

feel 

perMiaute 
pei Aci», 


UultipUor 
IM 

W. H. P. 

per Faci? ry( 

Lift per 

AeF@, 


■I 

•a 

"3 

;4 
■7 

'8 

■9 

1-a 


•2521 

■504* 

7562 
1-0083 
r-3604 
1-5125 
I ■7646 
1-0167 
2-3687 
2-5208 


■000477 

■O009S4 

•001434 
"001909 
■002387 
■002865 

■003342 
■003819 
-004297 
■004774 


i 

B 
i 
t 
i 

s 
1 
1 

I 


■3151 
•6302 

■*I4S3 
I '2604 

"5755 

I 8906 

2 'JOS 7 
3-5zoS 


•000597 

■00(194 

■00IJ90 
■002 3S 7 
■002984 
-003581 
•004178 
•004774 



IfiO. Z06. — Drainage of Fens and Ltne Landi, 
1«. 2o5.~ 



Name of 

Station. 


DaiCTiDtioD 

of PuTUp^ 


Area- 
Acres. 




On) 

ii 

a 

-20 
1-84 

■it> 


Cdit pt* W. H. P. 


Build- 
inga- 


Mu- 
ch! n cry 


Total. 


Lade Bank . 
D illness 
Prickwillow 
Weiford 

(Nortt) 
Upwell . . 
MesslBgliiiin 
RedboDme . 


Wheel . . 
Wheel , . 
Centrifugal 
Centrifugal 

Wheel. . 
Centrifugal 
Centriiugal 


35,000 

10,660 

JS,ooo 
2,489 

9,000 

3,250 
^00 


£ 
17,000 

8,887 

1.575 

2,6So 

Mean 


£ 

Sl-io 
2 6' 40 

21-10 


3?™ 
74-&8 

64- lO 

Mean 


£ 

So 37 

91 10 
loi'oS 

S5'20 


■74 


S2-7S 



IM. 20S. — Surveyors' Institution, Transacliom, xv. 30S, 311, JI3, 
314. 

1H3. 208. — It has already been seen that he commends the swarding 
of the bank with couch-grass on account of its distastefulness to cattle. 

154, 310. — L.C, 225-227. 
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IBO. »io. — American Society of Civil Engineers, Traasatti'tmi, 

mvi, 5791. 

186. ill.— /A. KiW. 579-580, 

157. 214. ^A., dling Dutch aitthonlies, ixvi. 596-59S, 

158. 214.— Ibiititutiafi of Civil £ngin«e:rs, Minutis of Ptvceedingi, 
xxi. 461. 

159. ai6.— /a. xxi.4;5.477, +51. 

160. 32Q.~Ib.xaX, 500-503. 

161. 123. — The maintenance aX Che Bank in SDimd CODditJOQ And 
repair is of imporlaace not only because of the great expense attend- 
ing its restoraCioii in ihe event of a breach occurring, but al&o on 
account of xke di^^trous consequences to the land of a ilcxidiiig by sea- 
wa.ter. For a very thorough investigation into the far-reacbing injury 
thereby occasioneci to the soil see Messrs. Dytnond a.tid Hughes's excel- 
lent Report on Injury lo AgriculCtiral Land 011 tht Coast •of Mssrx by 
inundatian of Sea iVaiir, publiiihe'd by the Essex Technical Instruc- 
tion Committee, September 1899. See pp. 246 and 34S of our text, 
for damage similaicly caused at Holkham. 

16S. 217. — Surveyors' luslitutton, Transactiinu, x. 40-47. The 
agricultural value of some warps will be readily appieciated upon 
eKamioatioD of the subjoined analysis of two samples from Lincoln »b ire, 
given by Mr, Smith- Woolley :■ — 

No. I. 

Orgimic matters ^-gaj 

J CHorideof magnesimn . . -105 

Soluble salts I chloride of sodium and potassium -gig 

ofnver W3ier, 5^,^^^^^ ^^ „,agnesia . . . • . ?6 

^'^ (sulphate of soda. . . . "313 

Carbonate of lime 8- 177 

Carbonate of magnesia , . . - . 'Jla 

Sulphate of lime ..,.,. -104, 

Alkalies train decomposed silicates . . . '4^ 

Lime , . -677 

Magaesia 3604 

Oxide of iron ,.-■..■. S'^JS 
Alumina , . . . . , .8-177 

Glide of manganese traces 

Peiphospbate of Iran . , , . , i-o4'0 

Silicic acid -....,. 9"o62 

Sand, undecomposcd silicates, ^c, . . , 55-866 

100.000 
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No. n. 

Mud tiOken in froni of Sluice oa the Lincolnshire Coast. 

(Al 300" F. the solid matiu in this saoipk v/is 6694, the mi^itturc 



33-06.3 



Organic mattet, water of combination (containing 

Nitrogen 'ii, equal to Aminonia -la) . ^ 3-96 

Oxide ofiniii 3-41 

Alumina , , , , , ■ 375 

Carbonate of lime ...... 9'&9 

Uagnesia ......,, t-^t 

Potash and soda '5S 

Chloride of sodium '04 

Phosphoric add -12 

losoluble matter (cbiefly itn« saad and fine clay) . 76'53 



163. 2?S. — Institution of Civil Eagineers, Minutts of Pfv£ttdi»gSt 

xlvi. 67. 

184. 230. — Surveyors' Inslitotion, Transactions, x. 4.0. From recent 
informaiion obligingly communicated by Mr. Smilh-Woolley, it 
appean that drainage has now so fac lowered the surface as id render 
a coD:!ridcrable area capable of being warped. 

16S, ?3Ci.— iQslitution of CiWl Fngicieers, MinuCes of Proaedingi, 
ilvi. 68, ()9, 76. 

188. 130. — Surveyors' Instiiution, Traiiiactions, i. 45. 

187. *30. — lb. Kv. 31a. 

188. 2^2,— L.c. 93-107. Mr, D, Stevenson, in 1874, at p. 33 nt 
Reclantiit-iart and Protection- of Agricultural L-atid (originally a Paper 
read before tbe Highland and Agricultural Society of Scotland), says: — 
" The treatment of reclaimed marsh or slob land? in order to fit them 
foi the purpose contemplated by their eaclouure, . . . has been very fully, 
and 1 should thick judidously, treated by Cht; hie Mr. John Wiggins, 
F,GS., in his treatise on ' Embanking Landi^ from the Sea.' I there- 
fore offer no apology for giving the following extracts from Mr. Wiggins' 
book" ;— which he proceeds to do at eonsiderable length ; a pretty 
^ood proof chat experience during the twenty-two years then elapsed 
bad not impaired the value of Mr. Wiggins's recommendations, 

16S. Z44. — Institution of Civil En^iaeETS,Mi/iuUs of Proaediit^j^ 
xxi. 464-465. 

170 345. — lostitutian of Civil Engineers of Ireland, Transartio/ts, 
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vii. io6. Four samples of the ioil reclaimed, analyzed by ProfeswT 
Sullivan, gave an average a& (olt-ows : — 

Potash -083 

Soda 285 

Lim* • . '2*0 

Magnesia . . 1 t . . - '319 

AluiiiiiDa 4313 

Peroxide &f ifon !'i94 

Protonile of iron I'SJ' 

Phosphoric add "oBo 

Sulphuric acid ,..,.. '410 

Hyd-rochloric acid ..... 'O3.3 
SOica CD combifiAtioa, decampos&Ue by 

hydfdcMoric ilcIA .... s'OCha 
Clay or silicates undecompo sable by hydro- 

ehloric acid . , , * . .28021 

Silicious sand ,,..,. 44^694 
Water not driven off at 213° and orgaiuc 

matter deb in nitrogen . . . 7'Sl5 

Carbonic aicid and loss , . . . -931 

100-000 



171. 34S.— Royol Agrifulttual Society, ^eumeU, snd. 5., iii. 661- 

662. 

172. 250. — J. WJEgius, I.e. 191-192. 

173. 252.—/*. 184^186, 

174. 253, — Stevenson, Redamaium and ProUction of Agricultural 
£.and, 4E|. 

170. 854.-/6. 46. 

176. 336. — Institution of Civil Engineers, MinuUs of Proeeedingi, 
xlvi. 72, 69, 73: Surveyors' lustitutioD, Tramacttims, x. 48, 59; xr, 

307, 317- 

177. 158.— W. H. WTie-eler, The Fens of Lincotnskirt, and, ed. 

4l8.4io. 

17B. 260, — From Returns made to Parliament, it apjiears than from 
ist January. 1867,1031st IJeceinber, iSgt, grants o/Toieahore within Tbe 
XJntte<3 Kingdom were made, either by way of sale or by lease for a 
term of year?, by tbe Board ofTrade to various individuals and corporate 
bodies, to the number of CieBrly fioo. But only a small percentage of 
these grants would be made 'mith a view to the reclamation of land, as 
dealt with in this volume ; the great majoiity being for the putpose of 
fagilitalinn works of shore pieservation, such as groynes, iea-walls, and 
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tbelike; or Tor the constniclionorharboors, docks, landing-places, piers, 
etc, ; or witli a view to the protection nf clilP* ami the constrnclion of 
public promenades ; and in other caries for the lajiog oF submarine 
telegraph cables. 

179. 260, 261.— See iVilHams -nn /i^af- Property. 17th cd.. p|j. 
390-1, and the suthoriltes there died. 

IBO. 36j.— £.r, 133-rjii. 

181. 264, — L.(. 136-1,10. 

192. lb-;. — L.c. 142. 

183. 25S. — Ptr Blackburn, J., iti Rt^inn ». L<ii-d Mayor of London, 
L.R. z Q,B. 292. 

184, 2,-1.— i.e. H'-f'''?' 



Hots Snppleiiientttl to CiiB.pter V. — U11 5lh March a Papcrwiis 
read beJbc? the Society of Engineers by Mr. R., F. Grajltham, 
M. InsC. C.E., on Tke Closing of Breaches itt Sea and River Em- 
bankinenis, containing some particulars of persnnal experience in three 
cases— those of a tidal openlog in Braditig Harbour, and of breaches 
at Northey Island in Ih* Blackwater, and on the Swale at Grovehurst. 
The metbad adopted at Brading was that of formiag a skdeton dam 
by driving piles. In two mws 25 Teet apart. The piles were pilchefl 
at intervals of \2 feel, their heads left 5 feet above low-water, with 
limber ties securing the front piles to the back ones. A waling was 
bolted on the landward aide of the back row, and Wales along both 
sides of the front row; and the space between the wales on the front 
row was dilled-in with sheet-piliog, against which were thrown-in 
sand-bags and chalk, forming slopes of about z to i on each side i^f 
the dam. Piles, their tops 19 feet above low-water, wete then driven 
on the landwiard side of the inner front waling, strutted t') the ba-ck 
piles, plankedp and bacl<ed with sand. The embankment was made up 
to Its ijiiended height and the sea shut out. The bank thtts raised 
waE,bowever, too low, and four months afterwards an unusually high 
tide offerllowed and wreclted it, Tbe dam was lestOTcd, and olli- 
mately a bank 35 feet wide on top was permanently established. The 
breaches at Northey and Groveburst were caused by the storm and 
high tide of 29th November i8g7, and in each case occurred at a 
sluice — whether owing to the failure of the sluice itself, is not stated. 
The repairs at No: they were begun in July 1898, by which [iipe the 
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damage had become serious. At Grovehurst, some attempts at piling 
from the sides were made, and &iled : the matter was ultimateljr put 
into Mr. Grantham's hands, and work commenced seventeen months 
after the disaster occurred. At Northey, and at Grovehurst, the 
method adopted was that of forming an inset bank and sluices, and in 
both cases ultimately proved successful: the bank at Grovehurst was 
not carried high enough, and was several times destroyed before being 
finally established. A noteworthy point mentioned in connexion with 
the building of the inset banks is, that the rush of tidal water was 
found not to cause any scouring of the surface of the marsh, the roots 
of the grass appearing to hold the earth together so that the current 
flowed over without abrading it. 

The importance of height in a bank, of careful inspection and con- 
stant attention to maintenance, of promptly taking in hand all needful 
repairs, and of care in the foundation and construction of sluices, 
pointed out in the present volume, are well illustrated by the examples 
given in this interesting Paper. 



INDEX. 



Thefigi4rts in aid-fact type refir to (he paget of the volume ;7^m 
{Vf heaiiy type tif the nirtss so numbered (pp. 389-306J, 
Sonte of the sub 'heads appear also as principal headings, underiDhwh 
may be found further particulars respecting tlcsin-. 



Arbmobb : — Groynes, 147. 

Ballvteigue and KiLMOXE r— Sluicc-doors, 177. 

BALLVytULE : — Groyne, 148, 

Bank : — Ratio to area, 2-5. Wave action on banSc, 31, 32-36. Loca- 
tion, 27-36; in relatioD to drainage, jS-jO. Line and diiccdon, 
Jf'iSS' Salient and retiring angles, JO, JJ. Maferiah, 36-46; 
stone, J7J concrete, 3;; gravel, 37; sand, 38; peat-moss. j|3 ; 
clay, 44. Coie, 3?, 38, ^7, 68, 90, 92, 93. Form and dimensions of 
bank, 46-69 ; Mr, Wiggins-'s rales for, 56-69, Height as to tides, 
47-59,64-66,70. Slopes,47-55, 69, 92, 1(7. Banks at Spurn Point, 
47, Loagh Foyle and Morecambe, 47, The Wash, 47, Holkham, 48, 
Snnk Island, 48, Wexford, 48, Denmark, 49, Eider and Elbe, jo, 
Zeeland, 50, Kuegrass, 53, Bychan, 350. F'Oot and toe of ba.iik, 
50, 54, 70, 79, 94, I [o, 125. Cross- sec lidfis for various situations, 
54. Construction, 71-119,250, 251. Fascine-woik, 72 ; as toe -pro- 
lection, 79. Tidal openings, S4-B9, 1 14-116. FoundatioQ, 89, 9Sf 
lot ; pccking-up ground for, 95, Muck ditch, 90. Precautions 
in eiCa^-atJOn neat bank, 97-99. Junction with land at ends, I [I. 
Closing, 111-119, 304. Facing, 119-131. Streams and Cradge- 
banks. 132-140. Groynes und protective outworks, i40-r58. 

Banquettes : — As protection against leakage and percolation. 91, 93. 

BoAKD OF AcsltiCliLTUliE : — Wiere application to necessan', 26'- 

BoAkD OF Trade :— Powers as to foreshores, J6r. Procedirrc on 
applicaiion for grant, 277. Forms of grant, 275, 283. 

Brading Harboi:r:— Closure operations. 305, 
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Brrachbs : — In bank, closinj; of, 114-222. 305, jofi, 
BmsTOi, Cmashel: — LongiiiiclLfial proleciioD to shore, 157- 
BvcHan ; — Dimensions and canitruction of bank, 25 (; irost, 251, 35:. 



L'la? :— Pcrman'^nl. facing to bink, 3(1,40, i;4, 63, 121, 127, I jS ; casing 
or shell lo sandy materials, 40, ill, 110. Materi.-il for bank, 44. 
Miiture «-iLh sand commended, 45 ; disapproved, 46. Muck ditch 
and core, 90, 91, Measurenieni by "floor," loi. Flood-flanking, 
riD, 9D. Yooa of bank, no, Trainiog-walls, 136. 

Cl-osiNGi — Dillicultiea, 3, 86, 104, iij, 115. Homoatal mode, 85, 
104, 1 12, 1 16-1 iq, 215. Eaily mode, from the side. 111. Closure- 
bank, Icmporary slopes, 117. Supply of material, 117. Imterrup- 
tion in the M-Oik of tlosing, I [9. Breaches, 2i\-Z22, ^05. 

Coal- CONS OMPTiON :— Of various drainage -engines, 204. 

CoiiMONS, AND RtuHTS OF COMMON : — Statutory requiremeius 
concerning, 2(11, 26a, Pow-ers of District Councils. 362. 

t-'ciXCRETE: — Subslitute for strjne, 37, Cone in bank, 53,. 

C Oh' STRUCT 10 ff : — Casing or vhell, 40, iii, 120, 12^. Fas cine- wort, 
71-79. 83, 89, 1 13, ISJ, J3S, 13^. 16;. Mattresses, 71-78, 83. 86, 
90, It2. pTOtection of bank during construeiion, "S.Ba, 105, iii ; 
ki^mmat, So; i^arious, 80, 82. Construction below low-water, 85, 
S6, 1 16 ; above low-water, 84, 89 ; Dutch practictr, loi ; change in 
English pTQcdce, 103. Tidal opening's, 84, 88, Eg, 116, ug. Coo- 
struction in sections, 102 ; (ontinuous, 103, 105, 106. Eartjiwofk, 
t02-ll I, 250. Closing, II I- 1 19. Permanent facing, 119-ljl. 

CoRH Itf Bank, 37, 150, §1, 93; pise,38, 67, 6&, 

Cradge-basks, 6, 140, For repair of hreaches, 217, aai, 306. 

Ckadlk. Set Mattress. 

Cheeks i^Indicaliona of springs, iS. Aa closuie-places, 86, ma, ii,|. 
Fithng up for bank, 86-88, ;o2. 

Ccitj-VAtion, 232-248. Division into fields, 233, 245,354. Fresh- 
ening, 233. Surface treatment, 236, 239, 246, 247. Cropping, 
236, 238, 239, 246, 248, 253, 254. Manuring, 437, 244, 353. 
Irrigation, 241. Damage by sea inundaiion, 246, 248. 161. 
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r>iiF. RiVEP ; — Bit-u-ise enclosure, G. Ferlilitr of sand, 12. 

DiiUH, 171, 143, Distance from bank, 171 ; minimum, 173. 

UiLNoiE Flats ;— Area and bank, 4. Tidal openiiiEB during tooslruc. 
tion. 89, 105, 

Denmakk:— Height of seat of bank in relation to tide-levels, 14. 
Height and sl-opes of bank, 49. Fascincwork, 79. Muck 
i^ilch, 91, Precautions in excaralinj; near bank, 98. Sione- 
facing of slopes', 127; apprehended risk in, 10&, 
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DbainA-GB, 159-206, 354, By grai-itaiion, rjg. Rainfall to be pro- 
vidsrd-for, ifso. M^rsli fence, 160, ij-o, 335. Springs wittin 
intake, tbeir aeatmcm, 161. Drains, 162-168,247,254. System 
of drainage, design for, 16S. Sluices, 173-187, 14B. Syphons, 18;. 
Power-drainage, l8"-206 ; wind and steam as Inolive pOWCtSj 188. 
Pumps, [S9-103. Steam-eaEin^t 203-204. Pumping -stations, 

306, lei. 

BxAiN^; — Depth for, rta, 2451 in arable knd, 163, Outfall with 
reference to, 164. Section and fall, [65; in various soils, l6^. 
Slopes for sides, and dimensions, J6b-[69, 227. Ddph, 171-173, 
148, Engine-di'ains, 2-04-306. Waipirg -drains, 227. Setting- 
out levels for drains, 247. Siliiag-up of drain -pipes in suitdy soils, 
347, 254 ; how prevented, 254, 

DuKGASVAW :— Groynes. 14S, 150, 

DsucHUSCH :^ — Effect ofw^ves in a gale, 36. Slope of shingle, 47. 

Earthwork, ioo-iii. Waste aqd loss, 23, 104, [13. Settlement, 
48, 76, 98, 102, [04, I20, aog, 89. Measurement by "floor," 
lOI, Bringing to bank, £02, lOJ', I17, 250. Consolidation by 
ramining, 102, 107^ 109, ti8; proportion of tarape;re lo shovellers, 
102 ; consolidation by transport of materiaJs, 102, 107-109, 

EtDEK A^D Elbe : — Slopes ofbanks, 50. 

EwPiNE-DRAiNS ;— As ch^uinels and resen'oire, 205. 

Essex ; — Area and bank, 4. Location of banks with reference to tide- 
levels, 15. Fascine -TV oik, 1J2. Grassing of slopes, I2q. Delpb, 
172. Cost of maiiitettance of banks. ao8. 

Estimates avd Prices :— Caution as to figniea, 7. Arbitraiy esti- 
mates oi* cusC of WQiks are illusory, 8. Earthwork quantities, 23. 



Facing of Eakk:— Clay, 39, 40, 54, 63, 121. 127, 128. Pitchingwitb 
stone, 39, 47, 48, 50, 54, fij, 126, 128, 251 ; minimum thickness, 
126, ijB ; rubble, S2. Turfing or Sodding, 39, 41, 48, lo?, I2Q, 
121, 251. Grass, 52, 69, 129-131 ; steepest slope for, 53, 130. 
Timber, j6, I23 ; wharfing, 124; duration and risks, 125. Fascine- 
work, 78, 75, 122. Krammat, 80-82. Maram, 131, IIB. 

Fascine-wobk, 71. Dimensions and cost of fascines, 72, 122, 136, 
71; la>Tng, 78, 79, 8g, Its, 13s, 138, 167. Rise-heading, 79, 
ATining. 79, Foot-protection, 79, 95. Duration, 83, raj, 123, 
139. Importance of, various opinions, 214. 

Fbn DlsrElcra:— Fascine-work, 72. Value and rent of land, 255, 
256; diniinnlion of, 256-258. 5i^(r LINCOLNSHIRE. 

FoLKEHTDNE : — NatuTaT slope of sand on shore, 39, 

Fo£ELA^'D : — " Outstrays " in Ilumber esluaTy, 16. Definition of 
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forelnnd, 3i. Value ag protection to bank, 25, ^40. Relaliun uj 
line of bank, 35 ; Lo slopes of bank, 49. Maiateiiance, 140, lOJ, 

FoRasaoRE: — DeRned, az, Groutid compaang it, za, j,o. Fauiids- 
tion for hani, as. Pernncability, 23, 90. Ownership, 260, Granu 
of, how obtaJaed, 261, 277, 

Fbancp ; — Puin ping -■engines, t<3^, 204, 

Frontagers:— Rigbts of, 263, 274. AsseEsmeut of compensatiaa b, 
264. Negotiatiooj with, 267. 

Ghants of Fortsshorb :; — How obtained from Board of Trade, a;;. 
Restnctions 011.377, Terms of, how arrived at, ij&. Forms dI 
grant ; in fee, ?7g ; on lease, 283, 

Grovfwubst;— Breach and repairs, 306. 

G-ROYNKS, no-ij;. In Holland, 94, 341, Spurn Point, 143, WitherU' 
sea, 144, llomsea, 145, Ardmore, 147, Dungarvan, 14R, BaUyvoile, 
148, Tramore, [49. Angle with shore, 94, 141, 144. T48, rjo, 154, 
156. CoQsCruciioa and dicneasions, 142-149, 154, 156; of sea- 
weed and sacd, 146. Geoeial c(>Dclusio'Di& retpectiug, 1^5. 

Height :— With reference lo tides and waves, of Site, 14-16, sB-jO;] 

of Bank. 47-55, 64-66, 70; of Tidal openiogs, Bj, 114-116. 
Hbkns Bav :— Timber boxing (Reculver), 125. Wharfing of parade,] 

126. 
HiCHWAVS : — Interference with, 361. Diversion of, 262. Powers of 1 

Dlslrict Councils, 262. 
HoLfcttAM. ; — Bank, materials, 3.9 ; ilopcs, 48, Soil and Cultivatiniii, | 

237- 

Hollajjd: — Linings of sand in! hanks, 4a. DimensioES and slopes of 
banks, 50-54. Fascine-work, 72-78. Banquettes against percola- 
tion, 9!, Sbeet-piling against percolation, 93, Qroi-aes, 94, 141- 
Sealing of bank, 95. Precautions in excayatir*g, 98, Mode of 
constructing bank, lot. ■llorizoiita] closure, 104; historical sketch 
of, 112. Timber protection to bank, 123, I24; duration of, 125. 
Longitudinal protection, 95, 156. Ddph, 171, i"3> Archimedean 
pumps, iga. Scoop wheels, igfi, 197. Centrifugal pumps, 19?- 
Pumping-engines, SQij, 204. Pasturingon bank, 210. Repairsto 
bank, 3t2. 

HoLsTElN ; — Area of intakes, 2. Banlta, matetial, 45 ; dimcnsionsj 
and slopes, 50; breathes, how caused, 50, 211. Delph, 173. 

HoAuaEA :^GroyneE, [43. 

HuU£&K River ; — Area oflandieclaitned', 2, " OuUtrays" oa fore-J 
land, 16. Warping, 230, 331. Values and rents, 255, Ste\ 
SutJK IslANQ. 
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Inset bAn'k. A^ CSadgh-bank. 

Intake, Sne Reclamations. 

Itaxy: — Centrifugal pumps, 159. Pumping.engitieB, 103, ao^. 
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KENTi^Valufs and rents, 255. 
KRAiiMAT, -So. Stibsiiluies for, 82. 

UNCoursHrSE : — Area of reclaimed land in Fens, a. Ratio of area 
to bank, 4, Calculation of rainfall for pumping, 160, 161, Depih 
of water below surface of soil, i6z. Cost of m^otenance of bank^ 
2o8. 

Longitudinal PaoTEcnoN, 94, 95, 15G-158. 

Lough FovlE: — Bani, material and facing, 39; slopes, 4.7, 250; 
tfonMruciion, 250 cost, 253. Draining of iatake, 153. 

Waiistenance and Repair i^Foreland, 140, jo;. Bank, cost of 
maintenance in various places, zo8. Injuries and remedies, 208- 
222, 161, 305. Toppiog, 209; in emergency, 21 r. Siding, 209. 
Pasturing cm bank, 130, zo8, 210. Growth of trees injurious, 2tO. 
Cloi^ing of br'Saches, 214-222, 305. Re^tDratioa of old sea- 
banks, 232. 

Maksh : — Manner of growth and eiteosioni 327-229. 

MATEllAta ;— Stone, 37; Concrete, 27 '• Gravel, 37, 42; Sand, 38- 
Peat-moss, 43; Clay, 44. Promred on the spot, 96-100 ; pre- 
cautions in excavating for, 97-99. Procured elsewhere, 99. In- 
ferior not always to be rejected, 99. Bringing to banlt, 107-109, 
117, For permanent fadng', 121-131. 

MattresshS : — Construction, 7i-~$' Sinking and placing, 75, 76, 
83, 87-S9, 112. Daration, 77. Cost, 77, 74. United States, 
77, 74. Fining gaps and hreaches, 215. In aprons, 817. 

Middle Lztel : — Breacli and dosing, 218-220. 

MoRECAUBE Bat ;— Fertility pf sand, (3, Bank, mBlcrial and fac- 
ia£i39; slopes, 47. Dtnining of intake, 254. Ci ops, 254. 

Muck ditch, 90, 91. 

Nene Rtver : — Bit-M-ise enclosure, 6. 
NORTHES" Island: — Breach and lepairB, 305. 



Pasltamektaicy PoWESSr — Where adidaable, 263. Steps for ob- 
taiuifig, 269. Course of procednre, 270. Suggestions by Mr. 
W^iggins as to powers io be sought, 274-277. 

Pasturing on Bank, 130, ao8, 210. 

Peat-moss;— Material for bank, ^3; durability, 44. 
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PKtcoLATiON : — Under bank, ij-aj, 42, gz, 2 1 J. Through bank. 3Q, I 

9i, 93. Preventive mei&Ures, S/'Sg-, 43, 68, 9O-93. 
Pbrmatjbmt PROTEcrroN. Sii Facing. 

PalVATE Act. iVif fABLIAMESXARV POWESK, 

POilPlNG-ENGIMES : — Types of, 303, Cwil conswnpLion, 204. Ad- 
va.nt:ige of continuau>« mnning, 205. 

PuMPtna-STATIONS:— Cost, 206, IBl. 

Pumps i^Bucket or pistoji pump, 189; effiriettcy, 1S9. Archimedean 
or strew pump, iSg; efRciency, igz, Scoop wheel, 192; effi- 
ciency, 197. CenltiJugpI pumps '9'S; alies, how described, 302; 

eificicQCVr I03. 1 

KdUNFALL:— RelatioTi taontflowi 19. Daily average, provision to be 
made for>l[, 160, 149. Table for discharge of, 145; uf muUi- 
pliers for, 149. 

Rathdowhey:— Atnondt of water to be pumped, [61. 

Reclamations : — -United Kingdonir no record of area, 2. I-arge or 
small area preferable? 2. Bit-wise enclosure, 2, G, 139. Cost, 3, 
25T, S53; labular stalement, 4., Eslimatcs not given, and why, 
7-S. £)iampl», 249-355 ; caulios regpecting, 349. 

Rights of Way: — luteiference with, 263-27(1 ^(►"'erB of District 
Councils, 162. 

Sant> :— Fei-lility, in Sekleswig, U; on Dee River. 11; at Morc- 
cambe Bay, iz. Matsrial for bank, 3S, 83 ; objections to, 40. 
Slape oa a beach, 39. Grojiie of saad ajid se;)-weed, 147. 

SCHI-KSWlG : — Fertility of sand, 12. Percolation tbrougb banks, 39, 
Banks, material, 4^; dimensions and slopes, ^o; breacbes, how 
caused, 50, ZI I. Sods o.n banks, 12 [. Delph, 173. 

Sea-weed : — As tempoiary protection, 8-2. Groyne of, 146, 

SHrNCLE :— Slope of, on a beacb, 47. 

SiTp., 9-26, Points for coosideration, 10. Soil, 10-14, Height with 
reference to tide-levels, i4-i(>, 28-3-0. Warping facilities, 17. 
Slope &c, of ground, rj. Intersection by streams Stc,, 17-31. 
Tidal creeks, 18. Rainfall and outflow, 19. Shelter, 21. Fore- 
shore and foreland, zs-26. 

Slopes ;^0f ground in relation to site, ij. Of sand oa a bea-ch, 3,9 ; 
ofskingle, 47. Sea-slope of bank, 47-65,92; varying according lo 
exposure, 49; Caland's rule for, 5^ ; may be steeper with ccss 
than without, 53 ; flatter where pitched, 54 ; Steeper, I J7, Land- 
siope, 4&-50, 53, 54, 69. Wave-action on sJopes, 50, 52. g6, 62-65, 
70, 123. Slopes of closuie-hsnk may first be put in steeper than 
fin i^Jied work, iij. Batter of ttaining-walU, 135, 13S; of sides 
of drains, 166, 169. 
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Sluices : — Heighl of sill with reference to lide-levels, 28-30, iG^-iO;, 
1S3. To "be b-u]lt ready for bank, 89. Tide-iabte for ojjeniiig aiisl 
stuUing of sluices. 145. DescripLioo of sluices, 170, 173-183 ; foun- 
datioQS, 178. Discharge into main Jminii, 178 ; on coast, ]8j ; on 
a river, i8j. Flo-w of water throwgh, 184.18(1, 146, Examples 
and cost, 186-187. Sluices for warg>inE, 224. 

Soils : — Misleai1tne appearance of, g, 13. Classilicaiion and ajiAl)'sis, 
10-14, 15, laa, 170, Injurious miller iii, n. Sandy, in StWes- 
wig and at Dee River and Morecanibe Bay, 12. '■ Outstrays" 
in Hucnbei* estuary, 16. Various kindii composing a foreshote, 
22.30. 

SpukN Point :— Dimensioas and slope of banks, 47. Groynes, 143. 

Stone r — Rubble as materia! Torbank, 37, 128 ; iis protection (o slope? 
and footing, Si, 83, Pitching on slopes &c., 39, 47, 4S, 50, 54, 
63. 136-129,109. 

Streams and Rivi'RS: — Interaction of intake by, 1;, 132. Dttrilns 
broTigSit down by, 19, 226, 271-^73. Floods, 21, 133. Treatuienl, 
by catcTiwaler-draiaa, 134, I6&; by training -walls, 132-139. 

Sunk Island :—Arca. and batik, 4. "Outstrays" on rorelacid, i6. 
Materials and islopes of banks, ^S. £x<-avaiion for materials, 97. 
Mode or-constnictiiiE bank, 102. Culdvadon, 343. 

Tav and Forth:— Level ofiDlakes when enclosed, 16. 

Thornr Waste:— WjHping, 221,164. 

Tidal Openings; — Width required. 84, 89. Situation, 85, Ii4-ri6, 
Should be a I various levels, 85-8S, 114-116. Aprons, aniJ pro- 
tection of aides, SS, 89, 116, 61. Caution as to closing, 119. 

TtDAL Rivers, Soil 0F:--OivncrshLp, 260. 

Tide-table ; — For sluices, 146. 

TtMBBR: — Protectioii to banh, 94t 124, 125. Duration, J25. 

Training- walls :— Construction, "33-136, 138. Cost, 136, 118, 

Trees :— On bank, prejudicial, 210. 

Uhitwr States ;—Matti-essing, 77. Mnck ditch, 90, gr. CradpC' 
bank against leakage, 92. Wind ai motive power, i38, Amtncan 
typeofwliidmil], iS9. 



Values and Rents, 853, 255-156. 
256-25^ : causes, 257. 



Diminntion in recent years. 



WAiPiNG-, 17, 323-231. Rivcr-warping, 223 : sluices, ZJ4; mniii 
drain, 217. Sea.warping, 22". Growth of inaTshes, 227 ; liow to 
promote^ ::8. Warping of land abo'Vg higk-waler level, S29. 
Y 
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Cost of warping, 236, 131. Time required, S30. Aaal3rsis of 

warpB, 162. 
Wash (The) : — Banks, material and lacing, 40 ; slopes, 47. Slnices, 

186. 
Wavbs :— Action on bank, 21, 32-36, 67, 122 ; on slopes, 50, 52, 56, 

62-65, 7°> "3- Length, period, and velocity, table of^ 70. 
Wexford: — Area and bank, 4. Failure of clay and sand bank, 46. 

Dimcnmons and slopes of banks, 48. Amount of water to be 

pumped, 161. Depth of water below sor&ce of soil, 162, 245. 

Analysis of soil, 170. Cultivation, 244. 
Windmills :—• Wind as amotive power, compared with steam, i87>iS9. 

American type of windmill, 188. 
WiTHAM Rivek: — ^Training-wall construction, 136. 
W1TH2RNSEA : — Groynes, 144. 
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'Royal £vo^ 79- 6e]- rlotb, 

RIVER BARS. The Causes of theb Formation, and their Treatment 

bjr ^^ Induced Tidal Scour; ^" witb a LkescrLptiitQ cif tbr SuccEsaful RoducTion by 
tiU M^thqd of tlio Bar at DuWis, h/ I- Jt IEahn, Assist. Eoff. to the Dublin 
1\irt anil Docks Bo-ard. 

" WcrecDtuiDcmJaJlintereited in hnrbi^uj vnjrka^BH-i]. indeed, Qi-ax conc^nECtl in the imprnvemEDLa 
or rivers gcneiJilly—t'O' read Mr. M.ana*B iitterealin^ i^Qck-an t^etrealmenltff nvei batA."—Iiti,'imir: 

Cronn 8vDt 43. 6di clotl. 

DRAINAGE OF LANDS^ TOWNS ANO BUILDINGS- 

By Gj D. Dempsey, CEi, Revised, wnth Urst AidiiiwBS od Recbbt Practjce iv 

" Tr.imways : their Conatru-ction and WoikvDK-" 

"Tne ncir nwitber qdidedlc Mr- Ueinp'rEy'£ en^elJenl w&rk \» i^hnraLlcriaed tty l1ie comp'chen^ii're 
ijTai^ uid ^GCOTBCV nf detail fior which tJicnaiiie oTMi- IJ. K.Ckulilt astSdeaL voudicTi,''— ^ffArntfuim, 

Crovm Bvo, vs. 6d_ clotk. 

PUMPS AND PUMPING. A Handbook foi Pump U^cr*. Being 

Notes OH Selrrtiein. Conalructitin, and Managctnrnt. By M. Powas Baiji, 
M.l.M.E. ThrrdEtlitino- KeviseJ. 

" TI1C matid [5 set fnTili Hs tEiitiselj » possible, In Tsm. rnndcnsnticr nl>Ki I]iiH diflusciitas \ai 
bcm iht: author' <! ah^i ihlcrllghlFiiti yet he dctj uvt a«m tu havf UlQUtti^ anyttliU^ lilldy la IjC cfu.'iB.''^ 

Svo, aSa. bnckraia. 

TRAMWAYS; THEIR CONSTRUCTION AND 

WORKING. Emb'priEg a CDinprchoDSU* Hiitoiy of th^ Syaten ; wiih an 
eihaustivo Analysis oF the Various Modes of Traction, includinE Horn: ^Powerp 
Ste^Qi Cable Tr^FiJ^-n, Klectnc Tracti-un, &e., ; a DescHption of che Varieiics ot 
Rolling Stork ; and ample Delajla of Coal and Workjng Eipensca. New EdHiou, 
Tbomughly Revilfld. By D. XlNfCAR Clahk, M, lolt. C.£. 

" Thcnc-ih vclura^ LsonEwhifh wi]] mnlc, aonDno tm^mwaypn^npeK s.nd chose SnterHledda traJnWBy 
workingi vlLti tiift Aatho''5-»'"ori<ll-fti-it»edlN»!lF-oii raduav nLachinesy."'— TA* En^neer, 

Medium Bvo, rja, cloth. 

LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

tKDIA, ANIJ I'HE COT.ONTE5, A Praclical Handbck seCCias forth the 
PriacipliBi oa which Lig'ht Kiilwi;'!' sb-vHld be ConsCrucied, "Worked, and 
Financed; and detailing the Coat of Construction, Eauipinciit, Revunue and 
Workiag EKpe-Qso-r; of Local Rail-ffAys already ci-tablislied la the above-men tiatitd 
countries, and in Belgium, Fiance, Switicrland. Sic. By J. C. Mack**, F.G.S., 
A.M Inst. C.E. Illn!.tratj;.3 will Plate? and Diagraiss, 
"Mr, Macfcay'i vutume U ilezuly and cctidiH[v ■wiitiaa, admieably ormni^cd, and frcriy iUiiHrated, 

Thcbabbls ev^fily ^li'^Ht lu-';b?pn lann iranlad, Wp recnioiafliid ilUiaJI IncenstKlui^eBibJert, It 

h ilirc tB-tVl»e a wide isle," ^^Jtiiifajf Knur. 



Londoa: Csosev Lockwood & Son, j. Stationers' HaU Court, E.C. 
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In thcprcaT. Dcmv Bra. Price abont io5. 6d. HtK 

SURVEYING WITH THE TACHEOMETER. A pfat. 

tkil Ma.iiUilil fuT Ihe usv of Civil and Miliirdn' bnijia^cn .•□ J Surveyors. InGludiiig 
twn Srrlf^ of T;!]*]^! ipociaSly computrd foi llie Rd^lniction ai R0;idin£S frnfa 
Seiifiiaial and fram CantaiioiA! Di.-gieE). Ky Nail Kemkbqv, M. Icat. C.E, 
With UiaETosu and jPlatfri. 

Crnwn iS-iw, 7*. 6d. elotli. 

PRACTICAL SURVEYING. A Teil-Book for Students pre 

p^riTiK for EiaminarLoai or for Harvey-work m tbe CoIuqibs, By GEri'R<:R W, 
U5ILL, A.fiL],C.E. With 4 PUlci arnJ iibnut ^v^o lUuilriiilons.. SutLh Eduiun^ 
ipi liijin^ Tables ofNatur&l ^iaps., Tsng-EnLKf S^antK, Ac, 
"'Thr best fonni o' liuLrtEmentt u-e (Je&crtl>vi] *t lo vlidr ccnsirucTion. u^^and modp^ or «iuplaf- 
mnir, and idicre ^rc Eimmnerablc hints oit vork and nidpiiient whlcJi The tludcnt lU liu utenperlFncc 



I 



I 



linpg-ria.] Bvn, 4»B. Cloth. 

PRACTICAL TUNNELLING. ExplaininE in detail Settrag-otf 

the Work^.. ^hd-ft-tinkitaif. and Hc^din^-driviD^, Ranging the Lini-a aad Levellinc 

undcrciourd, Sub-r-icaviCinff, TBrnti^nng -ind the Conatrurciun of the Brjclwurfc 

of Tunneh, wDith Oig amaunit of Labour rrquir^il for, acd tbs Cost of. tbi^ vaKgili 

porLioBB of Ihe ttork. By Fphimiwick W. Sihms, M. Inst. C.E. Foiirth. Edition, 

Revised And Furtbor Eilended. indudinc Iba binnt r^^^ot {tSs^) Exampto of 

Sub-^aqTieoui and other TuoneTs, by D. KiNasAH Clabk, M. Inat, C-E, Wiih \\ 

Folding PlaEfia dud atber IlEimtirationa. 

" The prcfrCTit ri&?£} erULrinn hoAtveen biouchl n^hl up tfi ^latCi o-nd u-thua Kndcrcd n wnrk to whLcb 

dril cnifiQcer:! iccDcraliy should hiiTC iCnidy atEfS^, ami whitU eLigiiiCEr% vi3kLi have Enii^rucdon v-urk 

un hdidjy dJlbrd to >« wilhuut, bul vrlitth EHi Eihe ^uiuiKcr lueiEib^rA oC Ihc proreAsanji ji fbialuablc, f& 

TiVLn lt2'P4£K they canlcain \ht, ^latr IowMlIi LhcSidfiDceortunndungbai aLtLuiL^il.''— A0b^7a> jVf-bj, 

3,l5pageB. Demy 8to, clolb, Ss. «i?^ 

INWOOD'S TABLES FOR PURCHASING ESTATES 

AND FOK THE VALL'ATION Cif PKOPEKTIES. iRcrLdinB Advomoni. 
Aiinrance Policies, Cop>-hi'ld5, Dpfrrrpd Aimuiliei. E'rce]io]dsi Ground KeiiEi, 
In DLBdJAtB AiiDuiti?B, Lcassliolds, Lifn Int'sresti, M'9rtu4g<«T, F«rpetuiti«i. Re- 
newa]! of LeatSB, Kevorseuns. Sinting Funds. Ike. ajth Edition, Revised and 
Eitended by William Schoolikc, F.R.A.S,, witii 7,(iCAn.LTiiMS of Natl's^l 
Numbers Mid Tft'im-n's Loqahiihjiic IsiTPitEsT and Annuity Tablcj, 
'^ ^IDW Intcrcstcal Eia [}lc }i[krchd^c iilid KiBc of Htulti^ and b lh« lidjLi^m-fillt of crtjll^pensilicn cn5«. 
a^ veU d« in tranwctian^ jq annuflLic^i lifr iabuiaiicbi. Slz., will Rnd the ptcaeat cclktion of cml-Dciv 

Cro^Tt &VO. ^a. clolli. 

THE PURIFICATION OF SEWAGE. Beini-aBri^f Account 

i7ttb6SiH6Jitifir;PniiciplcsorSc*igfc Partfif^atioa, and their PratiticAJ Appiicall^'ja. 
RySii^KJLV Bahwisk M.D. iLjjiid.)p M.R.C.S-, D,V H. {Camlj-), FeU->w of the 
Saflicary InaiiltJU, ilrdical Officer of Healtli to Che DerljysJiire Cimhty Cutincil, 

" * TVhaT prorK^nhall ire Artopt P ^ p urity nnr ^bWagcT' T>1L9 f|ue&tl4[i lia^ rtkrely iHf tl ^te^^hE Tmh 
?fi many pajnir. ^f view In £iac bfKhb:* This vdIuiiic lecm^ ivida E'rACtical lUutk -<^li.lcli. rliciv i3]e inLuiaH 

Crown ^vOt 7s^ £d. cHotb, 

WATER AND ITS PURIFICATION. A Ha^dbooli for ihe 

IJ«e of Local Authorici™, Sanitaiy Oflicen, and othiT! inti'rmted in W»lei 
SuppI)-- Ry 3- Riuiiitt., D.Sc. Land., F.l.C, With rtuncivu^ illu^tiation*. 
"Hi. Rldeol'!! buek a bath inlcrcSliDr aiL<l aC«itiaT«, *ni icnntsins a nia,t UHiul rVjHn^ cl 44 
UlF^E kciFHlcdfe Li)>iin tDE suliJrLl s[ nliiiib il tI«dU. II «'4ghl I« h« -»f ir9>t MfVtti: iB all iiliii 
CDnQEticd ynth \iisiafiijBS-m.iBiiot 'IvtaicilUt in ia&aufaclur'mfr purposes-"— TAi STcinecrr 

Crown Svo, 7s. i6d. cloth. 

POWER TRANSMITTED BY ELECTRICITY AND 

APPI-IEE BV THK ELECTRIC MOTOR, INCLUDIKG ELECTKIC 
RAILWAY CONSIRUCTIOM. By P. Atkikson, A.M., PI1.D. WilL <6 

lllu^Eratio-DS- 

Lcndon: Crosby Lockwood & Son, 7, Sialionera' Hall Court, E.< 
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ELECTRICITY 33 

ARCHITECTURE A BUILOINQ . SB 

SANITATICIN A WATER gyPPLY 37 

CARPENTRY a TIMBER . . . 2^ 



DECORATIVE ARTB aO 

NATUSAL SCIENCE 35 

GHEMrCAL MANUFACTUREa . 84 
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COMMERCE, TABLES. As. . . 41 

AGRICULTURE » QARDENINQ- 4S 

AUCTIONEER I NiQ. VALUING. AO- *6 

LAW A MieCtLLANEQtJS. . . 47 



MECHANICAL ENGINEERING, &c. 



THE MECHANICAL ENGINEER'S POCKET-BOOK. 

Canpriiiflg T^t±s, F<:/etnulx, Kulcn, uid Dau.: A Handy BinkorKEfersoize 

for Daily Use in ECngineering Fijiiicice, lly D. Kihweab Clahk, M- Tpst. C-K., 
Third Edllion, Revi^d. Small Evd, 700 pp., bnulid in Bexible Leather Com, 
rounded corners --_......,.. QfQ 

SUMHARr W CONTENTS :~-MATHBHATICAL TABI.ES.— MEAJSUnCUEKT' OT SIIS- 
FACSS fkHa SOLII>S,— ENGLISH AMI> FOICEian WEICKTS AND MCASIIHE=>.— MOHHVa.— 
HFEdFSd CrAVITV, WtHillTfl AliD VOLUHE. — MrtWOPACTUHEn MpT^LS-— STffHL PlPHS. 
■~ltol.T5 AKD H L'TliL — ' Htlli OKY ARTICLED iTi WjiQUr^HT AHP Ca5T ]Ht>H. CO'PPSS. 

HRA?!i, Lead, Tih. ZIhc. — STKEKCiTii OF Tjmhrtl— Sthf-W&th op Cast Iron.— 

STREKtiTH ■OF IVRHJur.HT iRON.—STHEMITTa OF STEEL.— TBNSILE STHE^■GTH OP 
COPPEB, l.E«n, an.— RE5ISr*KCE OF STONES ANTl OTHE.R BUILDIMG MaTHBJALS 

BiVHTEO Joints in Boilhk F laths. —II oiler Shells.— Wire RoHts amji Hshp 
Hopes.— CHAl^3 ansj CHnl^d Cahles.— Framing.— HAKUuiiis oe Mhtau. Allo*5. akd 

STONF.S.— LAIiOL-H OF AMM AI.5.— MFCH*niCAL PKIhCiPLEi— GRAVITY A5JD fALl_ OF 

Bodies.— Accel ERA TING a.-«i> Retakiukg HowctLi.— Siill i^earing. SiiAPTihii, *c.— 
THANsaussiuN oii Motive Towbh.— HtAT.— Losiiib-s-non: PUELfi.— Wahminc. VEPm- 
latidk, <^DOK]r4G Stoves. — Steam. — Steah l^NCiiiNBs and Eirrii-KRS.— Railways. — 
Tkajawavs, — Steam haiF?i. — yvupuvn Steam "EwtiiaHS Aft'D Pumps.— COAL GAS. GAS 

EKOIHHS. Ac — AtR IN HoriON. — COUPKSSSHD AIBU— HOT Al K ENI^INHS.— WATS.B 

POWER.- Sfeed or Cutting tools.— coi-OTJks.—Electrical ENn^iPiBEHiHG, 

'^Mi. Cl.irk manin^t whal Ie op inaate pKic-eptivn cif whaE is likely ru bo awlut In a pocket- 
IwDle, and I^B la re.iUy unHvuJled In The 'jn at carLdN^daiL li i?» vei7 difficiilc ta hie upci l^y 
iu^chauiteal eiL^ckeerrug aubjKV runCEinilng *]i1i:Jk this v-ork cuppU«G no Inforp^Uan, wd tiM 
fEceLlEILE indei a[ llip Fnd adds Etx IT!: eltiUtv. In [»nE v&nl. Iti^ an Gvroeriincly h4ll4^ APd -M^ClHt 
TODiU poSBcssrrl af nJiirt] thn Higjnmr ipiS be ca^ed TFLany a. wianiioine c^C'UtoUon, Of ytt BWt 
*aariMlna huTLI through varinus tsit-bcalu and [reatlBcs, aiirl, 54 5l3Cl>. We CflCi LfeBTIily rKOQkDLHd 
It to Qur madBTS." — 7hU ffj^H^'^. 

"lit iraiiLd b& found diilvcult to GoiDp>re3B imre icattei: irlthb a ^IniU^ compas^i nrpniducp .1 
tHok of fi^a psECA which ^ouliJ b« moro conittaci cr crnivcnkcni for pwrkcr rafcrcaircb ■ 1 . Will 
ba BpprecalcnlUy mG£b.l]UtaL cneiiieGr^ of all diaX5.^'—Pra.ci£ca^ En^inMr, 

L. k 
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MR- MUTTON'S PRACTJCAL HANDBOOKS. 



THE W0RK5' MANAOER'5 HANDBOOK. 

Campri^ing Mc-dtm Rulr:s. Tabln. end TlaEa- For Eng'incer^» Mill-wn^U, 
uid Boikr Mfik^r* \ Tool Makers, MnchinisCiii uid Mem! W>cirk<rF: : Iron and 
BfAV FoutMlcm, Bic. By W. S, HuttoNj GviB siiuli Mectanical EngiDeciT 
Anchor of '"Tbc Practical En^aMr's Uuidbcroli:." Firth Edition^ caKAilJjr 
Iteviwd, wirl) A-ddmons. la One fannidiqjine Vo1ujDi«p Dicdium 8va, itronglv 

bound 1670 

■V^ Thfi Author katdns c-t^mpiied Rnles and Daiafor Hk own H5S in a ^t*ai 
vavitiy ^f mOit»m engitwiri-n^ work, and ka-\yini^ fownd fia tioUs eitremely Ktefui, 
dMcidtd to fmblis^ Chtm — rtvticd Xti diLie — teli^itM^ thai a ffmcticai a-ork, suitra it> 
lilt DAit-V RSQXJiRBtuKtrK t^F uc>DeRK RFJA^iMfit- Rg, ivDiflif Dtf /owiiiraibfji rffffibcd. 

"Of r]iL.4 rdlrlan wa naj npfrjil thv i.|jprn:ia[ive irmrirrlu *rc ni4dc L^jHin Ihc Gni and thlrcL 
Slnca i\tc Api^VrinancF of iJiv biter vpry cnnside-ralilF anoililumifnLs. havr lirm miida, alEbcnieh fHo 
IdedI nuQilivj' of (Hari rcmiQinA aliiuHi thr mnie. Ir k a very u^vpful ciillFcElaR of culi?^ lAhlqi, and 
«Dilu|io2dnii|<lFnwin(r<trih;e<lHti.''— 7>f Jzwtj^'Hpfr, Maj» ta. i&te- 

"Th«iHif»if>rtieat«#»*ry suhj*cl fcnm iTve ^nl nf ■rien or on? frho hjui cciltected nrfirtibrup 
rvQtM&r ipi>1lc:ick'hn In wntt^liinp fiMCl^e. nTlvFrthm finni tlte LberjretiCJiXorliienry I'-pect. Thm 
lobrapecHilJiiri JiifTEdEdraLnrMi^it Ui>diariiirarntiTujiii«hlcb{AgaliMrdaiily bypnicll^ 
■Pid li vildom wriiteiiin \ioakf."—!fieSjt£^nirr:.}unr 5. 188^ 

"TF# TnliinkS 4« an nKneediaHly uvGil m^ liruiifu] viEli mEinCFf's pnE*4. rnemnffvinila. and 
ni1«. ind inill vovthy of Lwinpf nn ^i-vcry mecfuiniEaJ mginrpj'^ bDah^e\i."—-MKMttMt^iil ffirr/ji. 

'"Thm InfanTLAPm k f niri^i^l}- iliji IHrtEy |n tw required In praciiEe. . . The Atirk. famu 

■ datirtblB uldli^on ^o lim >Llirflfy nm oaty 4ir nha wnrtv' nuumgBr, bi^i of any odb E:xmiiQc1:Bd wicta 

"BrwnlUl j^r uvfnl InrnrmatiMi, itswd in t connss form, Mr Hurtoa's books bjvm msc « 
pf^nior *uM jim-«i|f cngki^i^tn. Jhe T^sak buvt |>rove enrcmely uscTi-d la evsiy pramic-i! bob 

THE PRACTICAL ENGINEER'S HANDBOOK. 

Compns-ijig ftTrBHll^ rm Modern Engine* nnd I^idIIct?^, Marine, IjOf^c-motiv^ 
and Staliontr)-. And oarnaJTjinE a iaig^ <??tlec[k"> of Ru]es_ and Pracdcaf 
Dnln r?l!iilinR m Rrcent Practice jn Designing nnj Conilrnctine aJI liinds of 
Engines, Eiiile«, itni] oili-tp F-neineeting work. The wbol-= i^on'iiitucrag n cem- 
prehensive Key to ihe Hoard of Tr.ido and other EiaminnlioTis for Ccrlifizflles 
of CamiKtciity ih Moilerrt Mctliaiiknl EneineerinB. R^Wai-thh 5. Hijttom, 
Civil and Mechanical EnRineei, Aiilhrr of " The Wurfc?' MannEer'^ Hojidtook 
for _EQKin«r5," &C. Willi upwards Of tfti IlluslTfltionB. Fifth Edition, 
Reidced with Addition*- M-edium Suo, nearlv 50^ pp.- ^ronaiy bound. 

\jvsl fubiiiii'd. 1 a/O 

^j^" Tkis Work 13 rfnigned ai a comfmnion to the AalkOi'S "WaRns' 
Mana'jer's HANornnK." 11 pOSs'iS'S many itsw ami nri^tial /eaturts, and con- 
(aisu, like id bitjecessor, a ^uan/ilv 0/ mnller lat itrifiiicUly inttailtJ fof piibUcation, 
but toUttttd ey tht A uthar Jar htt fWH "9' »» ll" cmstrmlion 0/ n grtat varitty of 

MOUHBN EMntNtSBIMC WoBK. 

T)tt lipi/wrHialjDn is eiijui in B inn^tnsid and tonciit /oi-iit, and 15 iVfastrBlD^ frj* 
iifitnards of 570 H'oijJfnii ,■ b»J cain/irisef a itUAIitily s/ taiiila't4 matter of gWfl( 
UffJiis to all engaged in desiffHiij?. CEHiil'urd'ng, o^ eitimniing /or Ekcinbs, BdileBS, 

antl OTHER ENlilNHfcKIWO WoHK. 

'►We hnwe k^jiriEQi hnnd f(»r5ev«ra.[ weeks. re'errlng la te as Dccaslivi Anise, and wcBiBTcunt 
on ndrKle MtisUjtL c-o-rtfluUed hs pnsBq.wlfh.oui Anilinif ilieinlDnnaiiim uTwhicb WBHreie la iiucol- 
— *fJirtuiri-m, , , , . . 

"A EhoTougiliK' (ronrl pmcIlciiJ hpndEiDak. vJildh DO Higlneercfln qd luiDUgli vllbout Tevimv 
tomRtdng Ehit WLlI Iw ir^trvie* ro \Hm-"—Miarf3it &'ii^wuer, 

'■ An eicellciTt lumk b( mfeH-ncs foi enRinaeni. and 1 nliuWe inii-boolc (di Btudentt of 
epgiticaiw." — Scoerm^H. 

"Thft valuable manual emhlilUK lln MSiills Mill cspeiienca of Ifie ieiduia authntllles en 
mechaidcfll HiatneeTlnB."'— /fsj-i^rfiw,^ JVrwf. 

"TliaEutlioi lias callectGd tfl^eBhet a s.uri">rtFtinH r^uBnliEy cf rul^s mO pracflcaj rfiil J. aadfaai 
Ihoim mne* jMilKinervt in the 5iyleetion? lie hiH maris, . . , There U no rlnuht Uuu cMa budll li 
DnenF th#Tnn^T ujaiul af ir? kinri pvhli^e<1, .in^l tHll he 4 very pupulnrcwni^rHHuTPL"— BttftiM*^ 

"A nu^ (If irri,iFnL-itian fiet drum in ^liripBe iJingHi.'fge, nntB In such a fcina lllBt it r4n be «HW 
refrTTod la at nny t^ia,*, TTi& iflflller ia unrrorm?^ gwid flfia well cEiQ^ea, An^ is priafltTy ducloalvl 
\iy Ihe IDiiatTiifiHjri*. TlTi fifl^it^ w^l] find its war ifli ii* ni"« ehgineeig' shelTei. w\ie*e II will niLkii.i 
(Hie nClhf m^t lirrill l>vitki cf f*to*Il?«. "— /VarfT.-jii' i«jl>«WF-. 

" Full 0j u3^vMhfui4ij,'hil^'3, ^nt^iH^uld be faimd nn Lha efliee sEielrgl all practical Btiguieen, 
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MR. MUTTON'S PRACTICAL HAN DBO0KS-s«.(iW.«(. 



STEAM BOILER CONSTRUCTION. 

A- Fra.cciizal dordbciak Far lllngineera, Bmiltr- Maimers, and Steant Users. 

Contnining a l^rgr Ci^llcction i?r Rnl?s and Data rclmtng to BcG<snt Piactlce 

m the Design. Cun^iifuttion, jyid Wntkmg uf all KinJs of Scaiioaiar^'-j Loco- 

incdvf, QDd M^rioH: Steam Ii-oilcrs. By Walter S. Hutton", Civil and 

M-ecbfiJiicfll Engljiccr, AdiJitiT of " The Wurks,' Maiiagrr''* H^uiflbouk/' "The 

Prociical £fiEine«r'5 Hui^bo<:k," &c. WUb uipwaids of yxi lllusifati-ons. 

Thard EdiciiHij Revised and. muth EnlargeJ, mcdiimi Bv-u, durh , - \ Si'O 

Bi^~ Thi« Woi^ic i% issuttt in continiiaeioti af tht Scrits iff Htindbtujks ajriiUn 

6> (As ^Kf|iH3*',i'iJ'. ;— "The Works" jUanaceb'b HAWCJEiO0K">jnrf'''THK PHACvrcAL 

EtiGiWF.p.a* Hawdbook," iphich ar6 io hijihiy af>precuiiril i>y tn^ineen for tht 

praiUtM niituti of thtir in/prffiAtyan i and n c-iftm^tieHefy ufriftcfi in the saytu ityii 

m those works. 

Thi AtiihoT biiuvti that t}st cortcentraC^OH, in a ronVfttient farm /or ta^y 
nftreiut^ -of such a larf^t atnoant o/ thofon^hly fraciitf\l inforitintion nn SUtttri' 
BoiUrSi viUl t)t of cansidarahit iervine Co tiwii for wham it U iJtteadidB and hi intitS 
tk* book may bs dt^tntd wottky oj as fnvoutabU a reception as has b£tn atiordtd to 
its pnidacessors. 

■' One aflJjirlji:btt iracL tlaia l?nt bookij C<ii WQChl tli^iC \\kA Cv^ 't>iKl; IniUiSlitiA, TJiv Infiil' 
matian L-i ofLLcii^JiLkiLK!, ina .'iLiiL|>lc an J iLcccakLIc ftJiUi. ^ (Ar ^t t-cttcralbii ia tojitcnLcd, this 
bi kipijauljtni]y, ihc ^t.in^Ur[l LKJokon s^cam piacLict:." — -iiUiJriatJ Hn'icuj. 

" Every dfllaUp halh i-n bcfiler-Jesipiftnti manaEBULcnt, is clcaily loitilHrarD iDsKO-ilBrK The 
miuBH ahoTni tlkat bi>Lkr cnni»-lnittic>n ms tjv«:Li peiluced la Uw tcirdilioiL oJ* cne oi EtkB moat euct 
■dsacflsf ukd such a biwb:ia Cl£l^«bLlQ03t value t<i ttit ^rt iit dieie Enfiniefir and ^V-i^rltftMimiiBitr." 

''Th«« haalihLi^beei ruorafar a itimleiTi hALii]bcok ijnRteiin'ViQilers J iL-ersEa not Ihat rooiD 
ni]w» bixiriL^Mj'. Hij[trhn hda Jallcdit. U Vj, •i tFioruugl Jy CTAtdciLl LriMik rurtliosc wLa aic accu[iiuLl 
Ln t^D can^LnictitiiJi dirsiytkL vJnjiion, ur use of Injilcn. " — ^ri^i-E'^Uffr. 

" Tbe bout vi of ^a impciEflni aaii cciiDticchuiiTiivri a [;hdiEC:iDr that ii niubt lind Ut« vny IntD tliD 
Bbnrlo (if cypcry ciir LnlEn?5t?it in twiirr u^Ln^ i^r Liciilcr inniiu faClum if thry Tp'ish lu Lrn chDmifhlv 
Inbcmod. Wf .stranirLy recainmrnil [lie hiciDk fni ^e tniximk vbIue of it^ccniiciitSi."'— ^ucA^nfry 



PRACTICAL JftECHANICS* WORKSHOP COMPANION. 

■Comprising a jp"-c:fii variery of ihc rnosi useful Rults sincE Formula; id Mi:x hanical 
Scittic^j WLth rmrn^tiaiiJi Table? -nf Prfn-EicaJ Daia. aiid CBlculaLi^d Re?uli?i for 
PjhciliEatiTi^ Mechanital Operations. By William Tem hLsroN, Auihoi of 

Modernised, juid con^dtrably Enlaiiged by Walter S, Huttok, C.E-, Auttor 
of ^'Thfl Wfl-rks' Mj^n^er's Hftiid^lrook, "Th-c Pr?u;tical ETiEa»>«r's Hand- 
book/' &c_ Fi:ap. Bvo, nearly jqd pp., with fl Platen and upward*^ of 330 UFu^- 
tnU-ivG Diagrams, stronglv bound hr y/fyrkhhop ar pcck&t wmv and tc^. 'B/O 

*" Iti iU niarI«r3iii|Dd 4cinn Huttijn's ' TEmplDtnn' Uiautil h^vo n wlp[la eaIv, rcf it iDiitjjns iqlieJl 
TflliublelcronruiliDT] wlikli Ttki^ jTicctinirii? iiU ciFEeia fine] ofit^, sikd iiol n feiv ivblesdiid notes wfUcl^ 
be rtii|rlic louk far Ifi s^m tu utli^r- vork^ This iiiiUentised i-tliElon will tw npfurecLaled b^aJI wElo 

" l\ t3b 113^1 rrLLtk gn:^l vut^c^ Lu l]]« vli^ilMdnG> urafk^bvaH flfi ^^ C41i tmif^' L in<l llMtfr U« 
k £tsBi m^ty Dicli ivJiu< LLi a ^rcat oiAUJun:. 'L>nv :iLc([ ddc bi Ufc La tblA littic b<>Ok. "— f if^^'ntf 

" This r-rindllai tcKt-ltook— ncU Juiuwii \a alt uiKlukiil-ES aaiJ cniriihaara— i^ of GABcndiJ S^trk? 
Ig Lba Byciy-diiiy EaqviiemcDiLs s-f enKLacci^ milEvrii^htSi and IJil3 I'^uua ti^ilcp tonnc^cd vrilh 
mFicwcrtELE' dna bui]dint'b Tfa« lusw Jikoderoiacd -ediLion ia vrortli. j|s wBJcEit JJi fold," — BuiiiHr^ 

■' T3i"i.i weJl'knawii and laTEEly'U5ed huuk tonteina Infi^njiiiliiar, bfoiieht up to djle, ij Ihe 
Hirt HO uscIm toClkc Tarenkan and dTnueh&sinKn- ^ much fresh iji.rtrrma.t^t>n luu b^cn mLnjiPcedvA 
to cflrutJtuLc a iJ-riLeLicaSly a nevr baoL It wDi b« lu£oly used Ln (Ite cHicc ajvi wixrkrihop^"— 
Afechanic»i lyprld, 



"Tt>G LikibUiUiers msely eniibMcLi tlbc task of rerialfiii of tbts pofKklajj valLkiblc* AEtd mcriil 

bodk ED Mr, HuEiirii, titpkn nJiftii 



I inGiE comtictcni iniUi cbcy toiildi iiai hiavc founUd" — Iran, 



BNQINEER'S AND MILLWRIOHT'S ASSISTANT. 

A Cr^PlcciioTi of Uiwfij.] T^Lili3"i, Kiif<:s, and D^Ea. By William Thmi'leton. 

"Oeeueihci a fnEiiiDDSt place enctune bonks of Lhii IcLiLd. A inarD tuEidbla prcKut to aa 
■ppnoticfli to any at Uib mccbaiuEidl tiBdiii caDkl nci pcH^Lbly be mniu.^^-^uiidtu^ iVrwr. 

"A dBKjredly popjUr wort H should be in tlrt ■'druwer' of tvsry wecbaiiic''— ^'iifr^iA 



«• SON'S CATALOG UE. 



THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

For Machine and Iloilei ConsinitiiQn, In Two Parts. Pint L Generai. 

EK<ii:rji!F-BiM7. [lnT»i Part 1[. Bdiij^b Constructiom. With 51 Plale and 

puiitrr-oEiv [ELu.^traEJont. By Nstj^oN FoLl^v, M.I.N. A. Secord Editian, 

RcviKd ilirouj;In<]tii and much tlnloreed. Follot halMMiund, ivtt . £3 3i. 

PART t,— HBASVKBS.— Cl&in;MFEKFJJCES AKH ARBAf, &^.. S^UAEE^, CUBES, 

POOSTH PCIWBKS.— S&UARB AHD CVBE BOOTS.— S UR.F ACE OF TTJB Ea.—EEt:trit!>CALS.— 

LOCABITHUS. — HBHSURATIOS,— STECinC GRAVrnES AND WEICHTS.— WOBK AND 

PO-VrEft.— HBAT, — DIMHVSTIOH.— EXPAHSmS AM& tOHTaACmiJIS. — EXPANSIOH Or 

CASKS.^SHiA 11.— STATIC FORCBS.— CRAVITATIOS AJJD ATTB A TTIOH.— MOTION AND 

CoMFUTAtlUSi-Ji' RBSDl-TfMG FORCBS.— ACCUMtlljlTED WORK.— CRffTRE ANU RADIUS 

OF CVRATIOS.— MokBItt Of INEBf lA,— CE:*lHt UP OSClLLrtllvJH,— ELECimCirV.— 

STWEWDiTn OF MatehiaI^.— Ei_rt5Tic:aTV^— TeSt Sheets oP RIe'i a[£,— l-KiCnaS'.-. 

TBA.'^raHissioH ofPoiveil— Flow qf T.if»u"mSr-— Ft-QW of C^e^—Aik PL'Sif^, ^uxeaCe 

CoTfDE?fl5B.fl5. *E^— Speed cf S"3"eau5H"[p^,— Phitipp.i-T-ehs^— CutticJc Tool?, — Pt-aho'ESl 

— COFFEK. SHH'BTS *BIi TUBf-S.— SCHEVfS, NUTS, BOLT HEADS, Ac.^VAmoV5 REClFBi 
ItHD llCSCILL>NHDU3 MATTEB,.— WITH DIAGRAMS FOR V*L.VR..Ge.«K, BELTING ATTD 

BDrsa. DiscHAaca and Suction Firss. Scrbw Fkofblli^ss. ami Coppeb ?lpes. 

PART II— TKEATIWC. DP POWBI OP BOILERS.— USEFUL RATIOS.- NOTES OK 
CoMSTHUCriOM CVLIHIimiCAI. aoiLHK SHELLS. — ClHtULAR FOHKSCES. — FUT 

Plates,— STx VS. — GtRDK.HS,— scbews.— Hvoritilic Test.'s. — RivErrwr.. — Boilhk. 
SBTTISC, CHI"1«y5. ANp HPUHTI?""^- Ft'Rl*. Sjc,— BKAJrfPl.MS OF IWimRS AHf) SPEEDS 
OP STBAHEHIPS.— IfOMlNAL AND NPHM.*[. KOKSB POWER,- -WrFH DEACRAMS FtlE Al* 
BOILBK CALCUlJ^T10^S AI-U DBAWTKGS OP HA^V VAHrBTIRS OF BOrLRRS. 

"HiBtxpuk j« cine vEiicb BVcry mEchaiilcal aiiifliiBer lUHy. witli adriinfage 1u hlnudf. idd to 
hit Uliniry. " — tnriutSries. 

^' Mr. FalEV* ^ *t:!1 lined ID cmniptEr 5i]cli a VDrk. - . . The diuemimi ArG b Croat TnAtiLra 
of tLrr vuric , . RiTEnrikiiigr tliQ irhale wcirk. it nur^ VEiy fairly ^ERrcd tli.^t hTr, Fnlejr Jlu 

producod a voluiiiD irhinli will luidoiktiterUy fullil xhn desrt nf the aia\viw and tvcQine Ind^spaisablD 
la all TamSonioileiijciiieen-"— VorVHC .^Rf^inff*'. 

"Ws hnvs raTefiiBy euntned thii wnrlr, ind pronotisire It a most eMelleni reieienep bwi-V 

COAL AMD SPEED TABLES. 

A Poqltei riuc-lc fiji Engiiicets and Sjeski Uiers. By Ne.lson Fouev, Autboi 

of The Mecfaanicol En^neer'^ RcTertnct Book." Focket-aize, clotb . 3/6 

" Thole UI>l£iira>ilEi<£aedMineetihereqiiiii:inenU fitcrety-Hii uiC: ate tt taSjCital scafit 

lo-r most vniclJcfll EiiiriHr^Eis imd jtmy bi: ..-orEjiiieiirltd (n enginetra Hind iLiieni of steam-"— /t*'-*. 

TEXT-BOOK ON THE STEAM ENQINE. 

Wtlh a 5t3ppl?nii-"n» on Gas ENtflN&S anri Paht II. on Heat ^KGI^'BSi^ By 
T, M. GoouEVK, M.A^, BamditcT-iiE-LBw„ Professor ofUccliiULics at the Royal 
C^jlkg<: of Scipn-M, London; A-j^-wof "The Priiidplesof Mn;Haiiics," ''Tht 
ESeinenr? of Mec^an'Lam/*^^. FouiittDit Edfuon. CrowTi 8 vo, cloth ^ fi/O 
" Pioftasor GoLii^cm iLii H^rrti u^ a Ircdilsc on Ehc fiic^ini cn^n': vrlilcb idll Irr^r CDiikpiiriMm 

'' Me. irDG JrccH iE.ii-lrtMik a a work at whicb anry ]Diui£ cngEdatF stiriild pn!^^G55 HlmyV.." 

ON QAS ENQINES. 

With ApptQdiK dacfililijg a Rccfnl Engine wilt Tubr Igniter. By T. It. 
GoDDEve, M.A. CiowTi Svo, doEh 2/S 



A TREATISE ON STEAM BOILERS. 

Their Strength, Consiruciion, and EcoDonucal Wflrlting. By R. WrLSOK, C.E^ 
Fifth EdiLiorti i?tno, cEoth 6/0 

" The jiJtfLDr ^hQw? hLEnsalf perfect irmslef of hit sutject, aiui ww heflfflly rvcnnunVQcl iH 
t.-:DplDpn}E sEe^im powei In posMsatheiiise'lvvj at Iht wark."—Xjit9tut3 Jren Trvae Cwrenii*ir. 

THE MECHANICAL ENGINEER'S COMPANION 

of Area^H Circuntfcrences^ Decimal lllquivijienis^ in jncbeq anJ fcttj milEiinctrc»^ 
^U(^r», cybePr roots, &c. ; Wd^csp M«asurG.Si nod oLhcr E^tiu Also Prac- 
tical Rules Tor Modern Engint: Pioporlionii- By R- Edwabus, M.In6tX»E. 
Fc^p. ^vo, oloth. {Jtisi Puhlixkid. 3/0 

"A ^«ry iiiiDlul IlieL? volume. It eonl^liis miiny liLblta, [ilas^lAed daM and iUHBaEuda. 

"-TI1B& cmull; :>Dcik Vi «fha-[ il ^rafcvccs tr^ l>«, viE. :— *a huidy nAce FWTnrianliifl,' B^riiifp it It 
i]D«. In a ^LicciiacB rarip, a variety ar lQf.:iiinati nn LiSiH^ iq h^ ivqulr^J by IT'^^tUOtTi^ ^C"'*''*'* '" 



MECHANICAL ENGiNEEniNG, 6*. 



A HANDBOOK ON THE STEAM ENGINE* 

Wjtlxc^ped^il R^rcrci^^c ti^ Sji^I Ami AUdJurtl-S^^d Engines. FW Lhe Uss bf 
Kngine M:il:#t?f ^recliniLii::::d DnLughi&men, EnginverinE Si-udentK-, ant^ U!«ei 
of Steoiia Power- Uy HesmAJJ HaeIiER^ C. E. Translflled from the German 
with con^idpTfible addUiona aiid allHationij bvH, H. P. Powles, A-M J-CE., 
M.t.M.E. Sfcond Edition, Revised. Wicb nestrJj i,iivi ElLuatration^ 
Cruwn EvOg cloih . . - . ..-,,.. 9fO 

*' Ajiertpcl cn(;ye]uptfiu D^llieslBiun mfiue ijid its details, buU aae whicb niusF Uk« « per- 
niBiient 'oLace in Fjiglish drit^uig--D^K wid wQi|<fJtop&, "— ^ Fvrttna.it ftttttrTt'Ua^Atr. 

*' Tills Is JMk eiktcUenc bo^iiihd btkould li« m -tti e liikndb a( Jill «*lic arc iiilcrcaEcd En tbecon- 
ctriKtkm uid dca^fn al lEtrHlluiEh-^Ldecl MahDnarpf «Lj:iaea. . . . AcdrDfuE stuiJr cf It^ tahtmitd md 
tlic anaLiecm^Dr tji" ihr sections IratU te tl)« Et^rkclualoii tbat Oi&fch prubably ait Dthcr bDoktika It 
kl this tDuiLCiy, 1'lic vicilumr dims ^l shnwJn^ l]it: rr^kik^ uf prof tiCEl npcnmcc. iBJid it ceitfiinly 
aiHf cLaim a complete jctiicveiticnl al lliii viIcil" — i^ainrr. 

" ThciG c^n tiQ nQ qucH^an u ici ![.■» valiid Wc cDriliiiSly mariLineiid te in all [:D[ui:FmDil tn the 
dedfTL tm-d canslcuction afiht ^iDa^TL eLieinE;"-^^W.cAarir'<ifi/ J/ ortii. 

BOILER AND FACTORY CHIMNEYS. 

Their DrauE^t-Puwer and Stability, Wiph a tbaptfr^'n LighlnmgCQtuluctQTf. 
By Robert Wilson, A-J.C.E-p Author ai " A Treaii^e on St-ram Boiier^^*' &c. 

Crown evo, clQth 3^6 

''X-v,'«l«,iUe4^fin1!rnnieioii [ffiheliieralumcJseienlliic BMillLilnii,"— r-^^J*«i/jrf*^. 

BOILER MAKER'S READY RECKONER & ASSISTANT. 

Witb Examples i^f Piacticitl Cecmetry and Xemplating, for the Ufse of Flaceri, 
Smitis, and Kivelers. By JoHJi CouKT^HV, Etliled liy D. K. Clahk, 

M.i.C.E. Thitrd Edition, 4S0 pp., wiih (4c lllunii'atiunA, Fi^p. Bv4i . 7/0 

'• prp wfirlfnian orappTPuricf shajulil bfi WLtliout IJii* book," — fyvn Trail ilifatiar. 

REFRIQERATINQ & ICE-MAKINO MACHINERV. 

A. rHe'^cripiive Trcaiis? for ilic U=ic cf Ptrion* Eioploying RpriTceraling 
and Icc-iMaUing Instaliation?;. nnd others. By A. J. Walli^-Tavler, 

A.-M. In&i.C.E. S^i^nd tdiiioair ftcviseil aiinl Erdnr.Eed, Witb llluslTJiiio-nB, 
Crown Svo. clolh. Lfuai! Fubiashed. JlQ 

" Fraclicnli ExijlicLt. and pnjfii&Eilv illuSttAtcd.'* — d^ij^vlv JJ<^afii. 

" IVb lei^aiiuiutiLLj the Wok, HJikHi ^ivtij tJia axA uF varEvua ^yatcinf imil ilJiJii1iLititiii£ ^JlAwuijf 
dfitails of pdJi^ df riiiii;]imE^ -md t^caerol LinEuyccniEnLj urtcuiplcLE LinstoUaLic^iia." — Kusfd'er. 

" Miiy [ic n^onLUueudcd an n -uMfui] itt^crJiJliDn &f Ltho mdchincrv. tiiB piiJcc5s>iLs and at Uia 
IbcUi f^umL.ii]id irjbukivJ p.'hyiLi^'D of refriK^rutin^, 31 u i^ne of thia bcal ctr-aipiJ^tiun^ ubl tfie 

THE LOCOmOTIVE ENGINE AND ITS DEVELOPMENT. 
A Pcpular Treatijrc nn i>ic Gi^dnal liiiprovEDienis niadig jtt Railway iSii^es 
betweera iBni and 1806, By CLti:iLKi K. Stkhtton, C.E. Fifth Edition, 
Enlargol. With no llJuslriUiH-nii Ca'OWtt BWift, d-alh* [/''af /^afl^Kft^rf. 3/B 

■' StijiIeDt&orr.iilw;iy-hUtory mul fitl *Ti.o ere inccrestnd In ihe avoluiiGn of ilic niDclcmlocD- 
mottva wUllbiicL much Co ittracl And enlertj-ln In Elii» I'olumt"— 7Af Timcs. 

■' The Biinliaf uf iJLte woik. I* well Jtirnwn to llii? latlwuy i*arUl. au'l no ohh^ prQbatJy^ bR& a 
better knowLraJLje of ilie buicry ^nd devdot^TUt^nC (pF U11; locumuHve, T^ie volume tvroraut ihil>i]14 



ENOINEERINQ BSTIMATES, COSTS, AND ACCOUNTS. 

A Guide to CoTnraerciiil E^nRincirinE- With niimcn>iiii eianiplcs of Ksliinatea 
u]d Costs of MMIvvrighl WvFk, Ali^'CllaJlfO'US Productions, Sleam £ngin«5 and 
Siea4ii. Boilers; :ind a Seizdon on the PrEparation of Casl* Accounts. By 

AGEMBBAi-MrtNAGEB, Set*iii Edtiiufi. Evo.doili. L/Ms' ^'nWu/isd. 12fO 

1^ This 1^ Art eic^H^nt aiiij ver^ uufiil tvmlc. icDvi^itnt! %iitij'n-[.in!iiccr hi ^anataiii rp;iaulBi1ion In 
amy tadlorj and Wdrkslicp, . . . Ttie Loot is InraluaBle, ddi nuly to the youjijj engineer, liut 
tlia ID the e*tiuiati? depannitnt ^^r-fvtfj ^tirti,"— /fHj;rfw_ 

"We jccortl iliEHork uinuaMed |jcsUe, The infunnailDn te clrm lu a plain, sliilglilf annul 
manHcr. and tieaK iliroiLghouT pvi.i3e]i<t of i^ie tntiisLue gbrzctica] atqELfllntaniic a( ttic author -wEtb 
^v^By pt^ase arEOTELiiiditii^eiLginnffflrL^/' — MtttianiiMt ivsft^ 



» CROSBY LQCKWQOD &■ SON'S CATALOGUE. 



THE ENaiNEER'S YEAR BOOK FOR i899' 

Cornprising FoTiaulit. Rule*, rflblf^DftUftndMcmDTandain Civil. Mccbnnicali 
ElEttrica9, Marine aa6 Mine iLngin^ermg. l^y H. k. K.£mj-B- A-M. tcut- C^, 
M.J,E,E., Technicji* Orfin:er i>F ibc Ka^ijIticcr-in.Chjcr'a Officir, GcDcml Pont 
Office, Lop^ofl, Author of '^A Handbook of KEcctrigaJ Tcslitig," "The 
ElrcmcaJ E^n^nccr'^ Pockci-Bootcp" &:c With aboui 90a Lllu&traniom, tpcciaUy 
EDgmvciJ for ihc wotIl Crok-n Svo^ 73° PP-. t*a^b*?r, [/uaa fuitlUH^a. 8/0 

*' RfpnKHint- ui dnnnoiu -qudhfiry af irask. buiI fonni a. dHiaablB book of n9lEsn?iu«."_ Tlte 

"Tlii( viluflbEp Anit we[l-ilHi|Ened IwiAdI nterence ntHmttlw denivute of JiU d^eripfiamflf 
11.^ —Sitntr^aji JS^Mirm. 
Tsem vttta np-to-dolQ imfanuiillAa In Bwry bmiich of aii;toeerine und cmuiTuctton."— 

"The hBBdft oT tht eBfltnaailng fwofealon could lurdEr tw BUpplled In aiurm admintrie^ 
com-plau lAd E«k»«Qbsit tfm. To ay etut a mora Ehan luSabnc slTcDApariuiiu: is praise aftbn 
Id^bBUibrt. and (bar ttr^ Ju&Hy bw ■alrfof iL'^ATiJu'iif ^Df/Wii/. 

"TbHV is rerCiiriiy nwun fni the nevcoiiiHr, vhlfb ni^pUe« ciplanstiarvfi and diTECtinnq^ ae 
veD ■■ iDnnLilf and tab4«. tl dflsarvBi Id taccaniH nnfl nf tbA ra^^t TOicrft^fii]. af tji^ '^^bn'^*! 
■grwiiBtc. <" — ^ ■>, MttJl^ 

" IW*»^ WCHli" "ifh great ^fcill all (l^a Te^tyniirnl iTiTirmBTicia which an ^nMne^f tklUl^ OH 

|>peplB ru-r^hfiBii Llie ^hxIg L<- iiiTmilpl"— tii^o^'Tiv V/fj^^, 

THE PORTABLE RNQINE. 

A Practice MiUiiial on 1i» Consiriiciioii tttid Manti£«mitini, Vot the t3S« 
□f Ownfii ajid UirFi^ cr Strain Engines genrrally. By William Dvson 
WanRTiROUCII. Crown Evo, clolli 3^6 

>*T6lK Ua wart of ^BtH* fp BWK* wS5 HS* BHHft rnwWBWT. , , , ShOUW *» "aJ by Wf 

va« wlvoliafj ««=ni enjine, on * fumwebewtere."— W'tn*ijw(f£q»f**/, 

'■Wf tvnUilly Eomncnd tids uivrli t« buyers md owners qmeun-enE^H. and 19 tLi«t«i>h« 

hlVt l» flCi "ttCl UlieijMmSlnictl'ih vliilT,"— TirXhr J'ranSV 7phjh4;. 

"1>ucli Lcwituil kiiMvlmlKT dF UicsiiAiii-cniil'kc '> •''li- WaniUuugli liinilsbFil<:i tlierad«i 

"An c»«llenl liil tnnkiir tki^uKfu) fami of easiiie. Tlic ' Hi-ati \io Pu jtkiicn ' i^iHltalil * 
IfDDi] deal til cb>iiiiBMn'«Enix and [TaiitKaJ wudnixLF" — ^r^'AdA JArAanifv 

IRON AND STEEL. 

A Work for th'! F-tfrgi;, routJryj Fai;tpiy, bii4 OI'M- Containing ready, 
u^cful^ and Irustvortby InrormiLtion for iToniaaBtcrs and their Sm:k-tnkcis| 
Munag*^!. of Bur, KmI. PUw^, end She'll Rcllmg MiElJl iron and M«)ai 
FoundTcra ; Eiort Ship and Dridge BiDilder^; Mrchajiicalo Mining, and Con- 
EukingKncinecrS'; Aicbiiects, ContrisctDT^, Bu!ld<r!F,&c. By C<iARi.Rg HoAiip, 
Aulhot uf Thr Slide Rule," Sc Ninth Edition, simo, leather . SJO 

" Foi coCfilnrlinilslvciiraa Llan boolt liofi nut tBl c-rjuaL" — ^rvH, 

"One iii bI^d ht^lof d]D |.«ekct biiok^'^ — ErAt^ / uk JttnA'AuU. 

CONDENSED MECHANICS. 

A SeleL!iion rjf Fornmli, Rulei, Tabl!5, and Data ni the Uw nf Engineering 
SLudenls, ScietiEB ClasKs, &C. Ih ^i^^ntdnfice with Lhe Requiiejnenls of Cbe 
Science atid Ari Ofpanmenl- By W. G. dpAiWFroRD Hughes, A.M.I.lTlE. 
Ctoira Bvo, cloth 5^8 

"The book il well EiitEl! fai ttlilK ivlia urn citlici Canlronlml mEll UIICMal |>niblEtiil la 
tlidj K^rk. uc aic prepiu-iii-r; l«t ej^attiiiuiiop us-ii wi^ la inlrbsL thoiE ksuiFlDJeD by gtiojf tlumffb 

"Ir l5 wdlirtingral, dCLd ilioet^lLkc vants ofthu^'dr whaia it isuitcndfld/' — Raiharayjiwrni. 

THE SAFE U5E OF STEAM. 

ConiMninE Rules for Uji|j-rc>fc8sioriflI Sttain Users, Syaji EhCEHEEtL Scncnih 
£diEic<D. Sewed Sb. 

■Anutkins by Llieir rnnty.'— ^'k^/i'tA A/frAarjcr, 

BEATING BY HOT WATER. 

with iDformstigii and Snggi^siions on iSic beEl Meiliulii of Hrsiing Public, 
Private a.nd Honicultrurai ftuildinei. By WalteU J&HKS. Second Edition. 
With ^ IJiustrsliotlHi i:to'wn Gvo, cloth . . ... Hit S/B 

"We coptiClenEly rBconunm-il all tnterekred In heLE]n|f by hijt nter tv facnina tapr a' ttkii 
Taluatda tittle treicl^t. -— T'Af FJaivtStr and DgcorurBr. 
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CIVIL ENGINEERING, SURVEYING, &-e. 



CIVIL ENGINEERING, SURVEYING, Stc. 



LIQHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THE3 COLONIES. 

A Practical Handbook *e[tiiig furili the Piiiidplct on wliiJi Light Railways 
^eilLd be ConslTucled, Worked, ond Financed; arcl detailing Ihe Cost of 
Consimclion, HLquipoictii, Revenue and Working Eijwnws of Lrwial Railways 
HJreHdy «!a.blishsd in ihe aibcve-m^nticned CQuntcLes, iiid in 13elgiiini, FianCE, 
Switmrjaml, &c. By J. C. Mackav, t'.G.3., A.M. Insi. C.K. lUuitratFd 
with. Plates and Diagtasu. Mtditim. ivo, iioiti. Unsl Pubiishid, 1 SiO 

'*Mr. MafiL:a^'& voEiinie la titinrly ^nd r&neUfdy nritten, admirably arrmj^L^d, and froal^ 
DIIIBCrUetL Tbe brHi<t vi eT4.cl]y wbat ba^ 3>i?n lonp VBObod. We TceLsimutn d it ra all uituB£t«d 

" TtiD?^ wlLQ rlfsirfl ra 3i:iivi4 wiUiin rearli ^ntrslir^fariEsUnn enneEnun^ alma^ nULthq lijfht 
njlway ^ixpiiu in FFia w^TLd irtBI da wiilk to taay htr. tTqcleay's lu^k-" — A'H^Jltf^. 

" ThLS wort appiarj unry Epianunel)', wliw (fi* ejlEjvUpn pf t|,e jyst«in CI = la^e tCBls W 

Enolanrifaai laa li*inj:mi>i-ifS- 1" «9 r^* *"« •'"'I sll "IS Information !hiit tSeliean oCmuevi 
dfSra en thi; s.4tij«ci. . , . «-ti^ .i|i;i«ii m Jin iiofy, founded Du (li« «x|;'Ul4iv:« cf vlb« otinniH 
imd 2ppii«ij M iL« p4siabililiei nl bii^J^ti<Ll, b- tut bsr-ote iik"~.f^AFfrr, 

PRACTICAL TUNNELLINQ, 

Rjip!nLni.nEmdGtaii[ S?ttinE-oul ihe Works, ShofL-sinkingi ^id Meiuiing-drivirgt 
RaiLgSng the Lines and Lev'slltn^ undergTcuikd, Sub-KACiivaE.Lng, TLmbeoDg 
and the Construct Jun of the Brackwctrk orTunhirLs, wilt the fl^iLouni of Labour 
reqULTcd for, and [be Coal off iIhe varioiis porLion^ of ihe watU.. By FRj{:Dah.ii7u: 
W. 5mMSj M.IairiLCEi. Fuunh Edition, Rcvi'iciC und Fiiithcr ExtcDdcd, 

by J). KiNr^EAR Clark, M. InrtL C.E. Imperial i&vo. wiLb 34. FoldinK Plaica 
and oBber lll[ic;Era|iGn4, CBniH. [Jmt PublisJisd. £2 Q^^ 

'Tlie |j[rwiii (iB^dJ Hlltl-u-ti l9^ bi?rti tiiiviiuhE ri^lupic d^ii-, ^n^ Balling Ecndcitd avfutk io 
vrldcia ci-*i\ 'm^ar.-eii^ ^merjily bliGulcE Ei^va riuay ai:c«^^, ^uiJ id vIiicIi tnyinpte^ wLig M^lvf con- 
■tnictkm wuTK. c^in. Ii.ltiH}' adorcL tu be witliuut, biii wtiicli Ea ibeyajn^tr mfriRtGr^ cif t\iB profffs^ioa 
'a Invjlu^bld. j^ (Ti>m Lb^ ji^igi^b tliey con laam the ^t-^-E^ EU vjaicli |l]f EclencD af lunTiQllLn^ lui 
altained." — j^iffi/nra^ f^'nus. 

" TEie eltjii^ilDD an vhlch blf. SliiuiitS lanok fi^iL l#ai held for man}' yean CAnncxt Iw ihqtb 
lEuly HaprosEcd tii^n in tha wcrili nl EI^g 3sE9 ProlT. KAii.tL]i«> : ' Tha b?^ uiiifca of LnianiidEiDn dq 
Eho ^ubjHii of ivucivU 15 Mp- F, 'Vl'. Simnis's wlpfLi an Piai fical Timiipllin^.""— ^nr*f"f#jJ. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER.WOHKH. 

A Praclical Treatist lor xht Us* of Engirccra anil SiudciiLsof Eng^Lnerring. 
B)! W, K, BL'riTON, A.M. Inu. C-E. , Profes^r of iiajiiciuy Knginctiing in the 
ImperiaJi Uniwersicy, Tokyo, JapaOj and Coiisulliii£ Engineer iii tbe Tokyo 
WkLcr-Worlvs. ScCOnil LdiliiiTi, Reviled and £:).'tend£d. Wilh numeTOUE 
FlaLec fli^J 111ii«tr:ilioi3«. SuppT'royal fivo, buckram, l/rut PuhUskeii- S$/0 

I. l:iTH'JUUC-tOHT.— 11. DlFPfiKEKT QUllLn'IFIS OP 1VATEK-— III. dL'ANTrlrV OP 
yUKIiat Xa HE fROVIlJlLD.— IV. tlK ASCEHl AIMING. WHETHER A PKOPIASF-D iilJURCE □? 

BupPLr 1:9 suf L'lCiEWr.— V. On E^-tEJiAijBr. j'he Stor*(;h Capm^jtv khoLuked 

TO BE fROVlUeD.— VI, l!LA*ilPICATlE>K OF WATER-WOHKS.— VI [. iMPOUSDlNIi TjESaR. 
VOIR3.— VUl. HAHTHWORK bAHS.— IK. JUASDNRV L*HS.— X. THB FURIFICITION DF 

WATHR XJ. SPTTI.INr. RESPHl'OlHi,— Xll. SAKD FILTRATION.— XIII. PirRIFlCATiaM 

OF WATPH TLV ACT! UN" OF IH<>N. SlJPTIiN"INi;- OF ^^'A'l'KR BV AuTIOK OK 1.T»1H, NATU:tAL 
FILTKATION.— XIU. SHBVICK 0« CLP.AN WATKH B.F-*ERUOIHS— WaTEK TuWKHi^STAND 
F[?BS.— XV. THE CUNKF-CTION OF SRTTI.IJJC. RIISEHVOJE^, FILTER Be1)4 A?IIJ HBHUICfl 
KESBRV^IIKS.— XVI. I'lJHPINC M ACHlKH.ltV.— XVII, FLOW OP W»l KH i^ CuVDUJTS— 
FIPES A-MU OPKN CHAMWblLS.— XVIIJ. DiUIltldUTlON SYSTEMS.— XfX. SPECIAL PH.O- 
VISIOBS KDR THE EKTrNCTIOM OV FIKE.— XX. PiPKS FUR WATHB-WOHkS.— XXI. PR.H- 
VEMTION DP W*5r|-R Lii; Waieh.— XXII. VAUIUUS AI-PLICATIUSS USP.O IB CuVNHtTnoN 
W(TK WAl llR-^VpRt^'^ 

APPILMDIK J, Bj. FHOF. JOHN WILNE. F. R.a. — COWS IDR R ATIONE C11.SCSHB1K5 THH 
FnOBAaLB bPFtCTS OF H\HTH^UA}i"ES QN W A li! H-V<'UHlC!i, AND THE 5-PECIAL PRE- 
CAITTIQ-NS TLl h-H TAKRJJ IN F-AHTHyriAKE CoyBTRiB:^. 

AFI'ENLilX II. By JiJHN t>E KIJKIJ-, t,5-— O" .samu Dukes and Dunr Sano as 
A SO-URCE OK WaTEH SUl-PI-V. 

■■ The cbajiict upon filtration nfintBr Is uirycfliiintei*. and iIib iicialli. uf (uimnictlwi well 
tUnttiated. . . . TtiQ aroric should In uoecllllj valuqlilD to kzLtII EDBiiteera cn^a^d hli work In 
Japan, bi3t IbBlnt^nrKl i& by no meaiL^CDilfiiiett (cj thJl Iccullty."— fiirilj.ivr, 

" We tiDiL^ianilaie^hcaiiitiar uuDn. tliG |}rai:tEciil cDnuuan-seiisd sliawii ki tlic ti]>£L>airatk^ el 
thb work, - . , Tl^e pLotca aod aiot^uaiiH Iiaiv avliktllljr hsxfil prepajcd iritEi ureal cAte, And 
eamtoE fiulto lie of icrciC i-iil^tancr- ID the studciil." — Si4i^ider, 

" TbB ^IkOlF -Lrt 0l«'^FIter-w«''k5eDTk^tnrf t^on i^dealr viirh In a ele4f nnd eDin|iriQhansivB fasblon 
Ifl *M« baadKHue vctl^iue. . . . M?, iE^urt^'? pF.-ioifai rrcati^^ ^hkJwijdn all I.E& setriLiiEt^ the fndi 
if liiaep«aflElMiidjaiiJindlvl;|iiai«|'cn«flS9. ft s largdy haiHi upon lui own practite In Ow 
Iwaneh ef easUiocrinfi oI-wBicb i< tieJils,"--S3*'ir-j'.!j'^fp"™'. 



to CROSBY LOCKWOOD &• SON'S CATALOGUE. 



THE WATER SUPPLY OF CITIES AND TOWNS. 

By WiLLJAM HunsiF.J!, A- M. \st<l. C.E., ond M. Inti. M. E., Author of "CsiM 
arinl Wrought Iron BtieEee CoaiAtruclEDit," ftc^ ^c- lllu^Crainl with :5(3 Double 
I'tate^^ r Sanale Pl^le, Coloured Fron[:i»^piecer and upwBJtlii of i^^a WoodcuEK, 
anJ conloinuii: 410 p^t. of TeaL Imp. 4I1], drganlly snij lubstaniiB-IIy 
balr-boLinE^ £n morocco ..._.... JV>f £Q Gt< 

Li«iT [TV ConrKNTS. 

I. HlSIOHlCUL SXP.TCH (IP 50«a OF THE KBAN^ TIWT HBVH flEBlK ADOtTHD POR 
THB SurPl-V UP WdTEH TO Cl3 IH5 AlflJ TOWMS.— [I. WATpM *r<U THR Fu-RfilCN MATTKR 
USUALLY ASSOCIATHf WITH tl'.— III. RaI:iFALI. ANU EVAIH)B.AT11.1[I.— ]V. arKlHDS AMD- 
THE WaTEH-UP.AHIMG |-ClHl,l*THTOa OK VUKtUlIS DiSTHI LIS.— V. WliASL'RIElrHWr AHD 
ESTIBATION 11F THS I-'LnlV uF ^YJlTEl^.— VI. (|!V TKE SKLECTdUW OP IHE SOVHCH OP 

SUFFLV.— Vil. WEL(_5i VIII. kBaEHVUlK.^! iSt THE FL!mFIC«riDS OP WATER.— 

X. I'UHB'S.— Xr. PTJME'irJO niAEHIt^EKV. — XIl, C ON DIS rT>^-— X U ], D^^TRjntmON OP WATER. 
— MiV, MPTRh^. SPEVICJ' FIPE^, AND TIOUSS F"ITTfNl>5.— XV, THE LAW OP" f^COHOMV OH 
WATHK-wriHK.-i.— KVI. COKsTSNT A»l> IHTaitllirTHNT SUPPLY.—XVH, DESCRIPTION OP 

FLATPs.— ApPENnrES, t;rvisG tables op Kates ot-" supply. VP.LocirjES. &c.. &c.. 

TOCRTHEB WJTK SP EC 1 PI CATIONS OF SB.VH.HAL WORKS ILLIISIKATKD. AHON-i: UHICH 
WILL BE (^OUNU : AtlHRDEhM, ACUHFOKD. CA»T(tKBLIRV. DUNUtK, HALIFAX., LAHHETH, 
RDTHHRHAM, DUBLIN. AND GTHBIIa. 

" Tbir QiQ^ ^fUnDdtit aiirl ToludbJc vurk uiicii nalcr 5Ut<p1y liLtliiFiID iironlucEd in HlielUh, OT 
Co Any ollidr lanifuflt^ , . _ Mr. HiinilHi'r'4 wirk a cbnvacirerUed nlnuHt rliraii^JOUt by 3fe 
caluufidTcnba okLicb more dlmncilTd qf JJnuid:^ wart lirtj^mM n, rUim of EnglUb tecboicaJ LrejdscB." — 
£nfiaetr- 

RURAL WATER SUPPLY. 

A PrfLcdcal Handbook on ibe Supply of Waier or^d Cor'^tr^Clioil ^ WUD- 
w-Drk^ for Miiall Country DistrLcls- By Allam GnEtswELL, A.M. i. CLE,, 
and W. T. CBfRHV, A.M.l-C-E,, F.tS. With lilustratLDns, Second Edition, 
Revised. Ciotvn Svd, doiL [Jzt^i PHbi%ihtd. QvO 

*' Wb cuiucimtLQLi^)' reetrnLniend il na a very uscfiit bunlc far dicfiTi ccnLrcconL in obtainUiK 

" The v<i3uiihCC(^ii[4Un3 ruJuabtc mfcmmrian (i[icin ikil mnitpn csnnBnied Ltiih v^cer ^^jpi^ly- 
>■ - .. It lb fiitD of detdlU UK puLiE^ ivhLiih m-a cDJUlnik^ly l-efkire AJilvr'urarkfi CRginrcra.''— 

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMUL/E. 

For FirnJm^ the DiA:hargc of Water from OrificeSj Nctthts, Weirs, Pipe*, and 

Rivera. Wuh yiew Furmula, Tfll^k^, And GcneraJ InformatiCD on Raiu-fnJl, 

Catch nkeEit-l3EL>in^, Drainagd, Sewerage, Watcf Sitpnl^ for Towns and Mill 

Puwer, Ky Jo«h Neville, Civil Ens^neer, M.R.I. A, Third Eillition, 

revised, wiBh adtCii.ii>ns. NumcraiLs lUuslTauon?*- Crown. Svo, dacli . 'l4/'0 

" It t^i, of ilII ILDt,'lL^ IkiqIu Dti ihn 4yli}<;ctL ilm oua ne^jie^ Co i:niFts>LiUi?iii^s^ _ . . Frum 

thn giKhJ >i]Tia.Lk£ti]]i:a]i □fiiiD iiuittei, tliD cIcEr ci;|i].ini][drini Jind -itwiirliUiL^ChrfijniLLitrC llic caFsfvUv 

cilculatind tikble^. mid. aluiTr aEI. tiki? dicrouj^h □■cqufiinEniic? nil3i bcjili. llLctJBy aillI CDiutJuctlaB. 

vrbicli li diaplaycii frGiii first ig Liiii, ilie tcolf •"tOlie fuuiid lo be dU acttLoi^Eioii. — .i^rrjhJOdrx 

HYDRAULIC MANUAL. 

Conai?ling of WLjil;ing Tables and Kuplanaiutj' TcXL. Intended a« a Guide in 
Hydralilii: Cak'ulalions Bj:d Field OfKracions. By Li>u'is U'A. jACKSdN, 
-Auilioc of "Aid to Survey- Prtu;titc," "Modem Metiolugy," &c. Fourth 
Edition, Enlarged. Largt h^towd £uo. clatb 1S/0 

" The Aulli.r>r hUE I144I 3. tH'it ■eipcTianCfi hi KydraLlir c^n^BEFUif and ba? h««n a ^ffr^hil 
□bt«T»cf the facit n-liLL^Ii havaCDIua undii!FhJ& Tiati<!iT, .nurifram the |fTC34 Bpflsi ef iar.t^tUS at hu 
cniDITUIII-il lie hns i^ensimctiid ;i muiiisl wbkh raay ^ a^r;.|it^ M tmtWOrtUy glilio ID <Ll4 
L^raneh ofllic ernjinser's prolEssinn." — Jsti^uf^Fnii^. 

•■ ThK mosi uia-fiil ftanirn of Ihisw^rlf 15 ilS- £ri!ti|oin from WbM ll fUpcmiUItliKMl, IDd. 113 
rhoinngh saajnion sriHMt pyiwrimemi ■ t[i« i«&i Is m fict io great tjut a slum fretouaiof the 

WATER ENQINEERINO. 

A Practical TTcaliieit on iht Measurement, Storage, Convc^'noce, and Udlh&- 

tion ofWatBTfor tlin Supprv of Towns, TflrMlll Psww, and Tor Otbcr Parpwn, 

By C. 5i-AOG, Ab M4 Ijist- C-E- Second Ediiicm. Crawn Bvo, tAvHh , T^B 

*' Aa a EDOAlI pmcttco] Erea^» uil the water supply aftOHti^diid cm Hrnic a.p]j[k:Atioiii DrinTleT- 

P4\ver, ELc-wDik uin many mapctta sHf dJcnL"— j^n^mrrinf. 

"The AuLLur La.i c-ifJlqted ibe rsuUa dcduud bi3m rhr nxprilnkGim of tha moK cmlndil 
iU'h^HtLn, 3j]d has pre^nltd LLion in ■ cmnuct iind jvmciiiidl fonn, ajzccimpankb by Tcn-clur 
in^ dol^td c^plaiuLL^oik^^ . . I The appuatlDii of vator as a motive a>9HDr it iRatcd. «An 



riLENGlm 
MASONRY DAM3 FROM INCEPTION TO COMPLETION, 

liLcLuding numeroiLS t'oniLLila;-, I''Gnri'i of Spct^itl-calLon ncidl i'-ender, Pocket 
Diagram uf Foicr^, 4c. Fur ihe uif of Ciril aiid Mining KnEineets. Ey 
C. F.CoUKtnkV, M.Inst. C.E. flvo, cloth, {Just l'uLi%skid. 9fD 

RIVER BARS. 

The Caiisss of Ibdr ForpiMion, Mtd tlwtr TTvatmcnt by " Indoced Tidal 
Scour; " wiih a Descripuon of rht SucctsifuL Sv^ducLicii by iJiis MclIick] oi 
Che Uaj- at Dulilin. By J. J, Makn, Aksiec. Eng. to (he Dublin Pdh and Dock^ 

Board. Kijyal avc, cloth 7(0 

'^ Wd leizummcntL all biECTDSIcil in ti^rbour norkt — aiL-di lai^ecd. thou cuncPTaeil [n thr 
ImpmvEnitntsiif riveri IfCIlc^5Ly-^a road l]r. Miuid'5 liucrradiiE «[nlc jn laie ITiubllurqi of Hl*i^ 

DRAINAQE OF LAND3, TOWNS AND BUILDINQS, 

Bs G. D- DEKJ's^tv, C,E. Revised, wuh targe Addiciiins on Recent Prac- 
tice JN Draival.1^ KhJEiiMy.EHGNc;, by D. KE^JVb:AR ClarKb M. iTast.C-K-. 
AiJihi.]! of "Tramwayar iheirCcnsieucunn flnU Working.*' Cr-Svc, cloth ■ 4/0 
" TliT ittA ntniitr a^ldtd m M'l lJi:nb]}^iev':* DMEcUi^ni work 13. c tiBi^cirrisPiil tiy the coDiEiie- 

hcndvc fruip ■ukt.1 jccibibcv of flL«ull Tni whith iIve luinfl of Mr, D, K. CkrV U n lul^cWir 

Toucfaar. — ^MfHdJCUL 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

KiDibrai^mg a CompruheniaLve HiiiLGry of ihe Syscem ; willi on esrhBUbtivr 
AnfJvs^^ »^f ?^^ Varii>ii9 W^idt^ ^f TmcikiTi, iriijkdinp Hore* P^jwm^ Sceflir, 
Cable Traction, t!ecirJc Traction, fie; a DescnDrion of thr Vanctiei of 
KoilDng S^iKik; ^nd witplc Dcriul^ of Cost and WorklDg J^kp«tibm. New 
Ediliin, Thoroitghly Kcvised, and Intliiding ihc PrcBgrcs* recently made In 

With 400 SClL3,straiic'iih. flvcj, 7 Bo pp, j butkcam. iJ^sil f'utUshed. 28/0 

•' Althatitih dcbcHt«d q^ a nc4 i^MklDn, ftih baok ii rrnlty d^ ocw deip, s Lki£P paiE Df IT| whiLii 
cDKm bliCEiirknJ groijiicl. hnvl-Lig Lire n ic-H-ri [ten nnd aiupUticiE -. nliilc the pirn which relate la nU 
tbAThAi bocn ilcmc: -iWc iKt n-^ipcikir ia iIll:^ ciliilciii miiLy. U l^ :^ctccn ycdra ^in^c ihir lir&E «dLdi:iii 
appoHred, em^ iwcilrr yccir'^ tuitc slis a-up^ilemciitiiiT valumD ID ibc Anil li-Mik wu pul^l^tucd 
Alter L Up^, ttLE:[i. of tweIve yEioni, ii ia ulivLjuit thai eJil* •luthur lija at iia Jupa^ial n ti^ 
qumtily uf dvaricidrG iiJLd ^ad^iicfil Li^cmriati'DiiH btLeIi wliiElk ]iir may, and hu, j?raitiinsd h 
noluiTLe of prent vj]|i< lo oil inti^ni^EDd iiL crani'^a^ ccmiitruL^Lait aaii ivorkuiE- tbc new voIllidb U 
one which will! caiik, iriutcfif iranmi'ay eriKinEart ond i\it'w inr^rBied "fn tnmwBy wcrliiiig, Witt IiIj 

PRACTICAL SURVEYING. 

A Tcxl-Pitnik for Siudenli^ preparing for EvjuuLnation^ or Tot Survey 'Wtwk in 
the CcloDiGs. hy Ge^huh U. U^ill, ArM.LCE^ With 4 riaicE and pp- 
wards ^^32° MloHttJillonfi. F'lhU lidaiioa, Tipviscd arid Enlarged, Including 
T&ble£ ofNaLurol E>iiie5, Tanc^nts^ 5«canL±, &4L. Crown Qvo, cloiih T/d! cr, 
on This Hai'ER, bound iji lunp leather^ gjli edgcs^ rounded coEfiers, fcr 
paclcei u« 4 1 2/6 

"Tha Lent funtH ul* uHatniuimts arv d&jtribad as to fbcir ^•oui^tfLi^Ekhd, ufififi acd DIOtL^ 
uf oiLjpla^'BTieaiti iiaid thcju Bffl uknuiucii^tilc hiiiCa gn woih tmd cqLkipitibcnl auch ^ IL? author. IH' 
bn^eKperieni^i: a.-> Aurvey^ri diab^hbinLua arn-l tcatlier, \ias foujid nc^os^iiry, ojid whith thti BtudififU 
In tiLs tn^npenEiiLE: wj]] find mwsl aarvii^tfaMif,"— l^i^'i^'"'' 

"The I'klETit LiciLi^e hi the ^ncLiah Uuneuope on lumeyinHt and we Ua'n na J^caULiGn lb. t^jr- 
Lug Ihni UiE lEiulei^l ^ril] iiinL IL Ji linBcr i^uidc Lliiw itny dI iLs predtsccuQi^ I>E5CETBa (□ be 
mcivniivod dA ihc lim bfjo'k -wliii^h atiuuld Trc cab in ttic HiJiiad^s -iff a puinl 4>f CiviL HncinecrinEt"— 

AID TO SURVEY PRACTICE. 

For keference in SLir\'eyLng, LeuGlling, ond Seitlng-QUi; :i-nd !n Rouie Sur- 
Tcyiof TravclJcrs liy Land aud Sea. Wiih TabltSj Illnistraticinsj and R-econE^. 
by L0W15 DA. Jacksov, A-ftl.LC.K. Second Edition, Enlarged. Large 
cniwit Svqj, ctoih i 4. . . ^ L ■ < J 4. . 1S/G 

tfcit«l>i»k as conlainui^ am p^djiidraBJe ^upijlenifint tn [tie le^diing oT ttk« attamplialked avTwyoii^— 
AiJktHtfim. 

"' Ag fi Icvt-boofc lie shcvld fldHw pitl ^nrvcynri^ t>o Ttlice 11 En Iheir UtJi.aris, and study well 
EhflmaEiited imtrucHimiAafloidcd tn I11 ijngcs.'*— Ltfd?rrt> Guardian. 

" Tlifl aurhot brtnes Ld Ma wark <i rDrtunjiie imLDn of EhcDiy ond irnvcdcil dtpeidoncc wUch, 
■liff^ by 4 [tcnii nod tucfd ^Iy]« of biitir^L nrnJcn iBic luai^k <i very u^^Tul ani^"^Sni^ier„ 



» CROSBY LOCKi 



ID 



BNOINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Con*i>iInG nf a Scried of Tablts^ wiLh Kule?, Ehpfanations of Systems, and 
U^ uf JheeKluliie far Tfavrf^e iiurvryinj^ and pluLEmi^ Lb« work u-'itb jniBhule 
accuncv by tneaiia ufStraighl Edge a^id ScE Square only ; l^vdljug wiih ihc 
Tfa?odoUl^, Cai^pQS'^m Jmil Xcducmg Levels tu l^aium, and Ploiian^ S^ciiobs 
in the ordintLry manner: Sctiine^ipin Curve* vriih the ThcutEoli.tc by Taingentia] 
Angl'^ft iUHl MuhiplM *i<t" Right and Left-bond Raafline*, of ihe Iitarrumtnt; 
ScLcinEMMJi Lurva viibniu Thcixlclacc on ibc SyMcm of Jan-gciKiiU Angles by 
SeU of TrinE^E? anij QAbei^ ; angt Earchwuirk Tables LO ga fpcl ^^i ceJcv- 
lainl for tvery 6 intlics in depth- t!y W, Da;"I5 Hasmoll, C.E- With 
tmnwToUB Wtwi-^ui^, F-r^'irtH Komo", tnlargt^lH Crown Bvo, cloih t 12/0 

"Thfl boab In very b^ndy i ^t ^vparataublH of ?;liifH ^nd innjieniE lo a very njiniiiv mUiiukv 

""B-nm pvtvjii i!ii^:k^r| lu enL[ine«rini> ilpUI opt-nriciiii. 4l1L MUinufe rho iniporinn*a of such 
41. irorif nil ilf he -MHO nil! lif viilHAl.le iVnie TuhicEi will 1* bv,-.ved Uy reCtipnc* iti -i iet of ffH-lalile inlila 
]jeBpiii4'l ■nlli [lit jiTtiiricy acJftiliny* of Umie given In. Mia* VLalume-"— ffairtfffjj A^nuj. 

LAND AND /VIARINE PURVEYING. 

In Refcrcnct n> the Prcuarai-ton of Pf*n» for RoBd» ami Riu3wnyfc ; Canals, 
Rlv«n, Towru' Wa.ier 5upplie±; Docks and Hubaurs. With DcEcripcJon 
and Use of S^urveying InaiEumctits, By W. Djlv]^ Uas^oll, C.R. Second 
EdJlaonj. Rev^ved^ with AdiEiTiona. Large crfswn hvo, cloth . ^ O/O 

" 1\M Wjk t pnrvc -jf i^rtiL >itluc ti< tine ituit?ikC. Wq tk-ivfi tL» htsiEnLiDn ili hfiCoOL- 

tnBidln£i.t. feeLLnE- abu ns^ MmL at iyiII m^EC LliiUi i>i]t»y i cArDfii] tluiE^-.''' — Mecka'ticaJ tVorid. 

"A iDtiat ijf«'rLl \ni\iW .lor iLc &tudvn1b Wc Llron^ly ixtunajncnd iL -u ii tiircEuLly-irnllEB 
uid taJuaU* lejLi-tjouk* ll enjoyt i <rcJl-da:ieEvctl rvputo ajjionE ■iiifvcyara,'" — JiuiJtfer. 

*'TttU tikLuinc taiknot tail l<r pn^vE of tltc uLnioaE iJincLlLJil Lililil^', JL iiiav ba ^redy PBCvmr 
DiPBikdcd to aU Ktgrli-n^i wIlli aji|.iini lu bcctiine cIcaii j«'.i en|-urt 5UJ^■eJ.D^Fi,"— Jl/i:«j*(^'- Ji-urnai^ 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Sbowklg \\? A|1[i^^c'ii-ion to Piiif>u^^& o-f Railv^ay aiid Civil En g^rLf^rlflg JQ 
the Cnnetmction of Ronda ; with Mr. TeLHiifu'^ Rul» for tbc samt. B^ 
Fmdbrick W. Siwms, F.C.S--, M. I(i^t- CE; Eigknh Kdiii^in, v^it^i the 
addition cf Law's Pr«u:[icjt] t^xariplcs for ScEtine-nui Railwtiy Curi'ea, and 
TlCAUTWiNiL't^ f^idd Practcce -af I.^ying-oUL Circular Cuive^. Witb j Plates 
and nu^erout- W'ljodcuK^ Bvo^ cluth ..--.-. 6/6 

'*• Trautu'imh D-n CunvEi^ nay btbad sepafiit 5/0 

"TJuteit-lMvak uii luvfilluii^' ii k i^LKt of rjVT trit^'lLLterinf b:li<Mi1i -ninl f.•^^tc^pei."—£H.'f^U€r'- 
"T^tm niiE<]]^h4?R El;lvb rcmli-rEd u ^Ekb^ffiliEEjl ■j«ni(.c ti» \lii* profcssicii, es^ecijJly (o Ihfl 

fDunjEHT Tn*mWri, ^-y liT\n^\'ni^ <mt Tlie |in-^Qnt Editiun oT nir SLbhhjis useful v„tlf,"-~Btfjcr^ntftiHj^ 

AN OLITLINE OF THE METHOD OF CONDUCTING 
A TRIQQNOMETRICAI. SLRVEV. 

Fm ihe Fomiiition of fJcugrnuliital ami Tuyo^rapliical Mjips HniJ Plmu, Mili. 

and Tallies. Ity LicuI.'UeileTaJ B' KO M c, K. FL. Kuurlh Ediliun, RfviuiI nnd 
jurlly Rc-UTillr-11 l>y Major-Ceneral sir Cmakles W^ItlfSl', C-C,M,G,, R.E, 
With 19 Pliiles iinil 115 woodcQIs, royal B»Ui, tlolh , , . . 1&0 
"Noi-nri^ nf jprftiiL' frnin lis can «tr>ciitfthi!a tlie-jnifhiiiuii stj wtll iuid 5« i^ic^^lly tiiuntaiied 

br Ehla work. f^Er CIijitIca WiLjrcn Um rrvlwd 111? tulir-r; vr^rk, ^init inp^dc- luch ^rliliiLrjiu u wcr? 

nccciuiry ^ulicliiij in'cry pr^rtlmi^pfLlte ^cmirult ii[iiu Che jjrcacut dAld." — Sivaii Ai-tok, 

TABLES OF TANGENTIAL ANGLES AWD MULTIPLES 

FOR SETTIPVQ-OUT CUHVE*. 

From 5 t*t 3^x> Radius. J^y A, U^^^i^LRV, M. Id.->L. C.E. fiEii tidition, 
Rpvi^fij. With an Appendix un tlie use of ihe Tallies for Me^iiuring tip 
Curve^^ Pjinted on 30 Card^, and aold ia a cloEh bo^^ wai^Ecl:lat-pfK:bcl Fi»c. 

" EpcEk [aUn li prlnieJ on a cartl. "-hich, pLiccil an clie ili«n1fililo, L*JVts H« Ib3i"ki3s *ree 
to nunLpuUte Uhh inatruni.snC-^k'nj «Ti:ill adfaji-tJifff bs wK-iLrtU itie rji|ikilny cif »«.rt.'"---£^i»>>Mr». 

" VvTy h-'kacLy t 11 v\'.\^ iwny fcuoir iL^t 'ilt lids day'suork niua: Fall on two of iJirue i^ar^ vbhib 
kw putklnEo lii§ owiL c^id=cuu. and Ic-iwiilA r-j| behind ."^-^JAriiFtfjfM. 

MANDV GENERAL EARTH-WORK TABLES. 

Giving ili5 Cuni-:"!-'. in CliHi: Vards of Cinlre and Slopes of CullinKK w^ 
EmWitmrn!* ftoni 3 iiiche* 10 Bo (c« in Dtplh ■>!- H*lg)il, for luf wilh either 
as feel Cliiaiii ur ic" fr*l Chnin. Hy J. H. WaTsoM Hltk, M. InSI.CE, 
On a Slieei maiuncd in doth ca^c. \J"it I'ubkslttii. 3'0 
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EARTHWORK TABLES. 

Showing ihr Comcnbi in Cubic Yard* of Zmbankmcnis, Cuttingi, ftc, of 
Hfiigtais orDepihsuptoMiaver.ievaf Sofect. By Joseph Vh^adbbkt, C,£^ 
and Tbancis Campik, C,E- Cruwti Bi-o, clolh gig 

''The "^ay Lti whict BcmirAcy 15 utuinedt hj a sjinptr dieiaInD otfnac'h cro^^ tcetlitn inuj ahm 
•kmenVt 11*0 In *tiich are c^nsfanc -tinJ ont vnriaEilc. ia 1it£ciiJoiii_"'"--*i'ArtnrM«i_ 



A MANUAL ON 



By Ai^x. t, S. Graham, C.E. 
iSmo, cloth 



EARTHWORK. 

Wilb numerous DiagtEuns. 



Second Edition. 



THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 



A PrHpiiciU and IlieoiEtijal fi^sny. By J. H. Wat!;oji Buck, M. Inst. C.E., 
Residcni Engineer. L. a.i.t N. W, B. Will. Fc" " " " 



FoMing Plates, Bva, eloCb 1 S/Q 



' Muiy oF the meUioIa (lien am o! ciitcide i>rai:tk;iJ v.ilu? ID the nuuun. and ihc obxfu- 
^tQta ot the tann-of ;in:h. the rule* for QjrdcTing the altjnc, ahd thd .:C;IUlftl]-ctJfm ijt I'Ko tciiiijlAta^ 
win lie round ■i>r con^dwEilo ^de. We cciumead. tlie booL ta Ibo EfiiKinecHnje profcssMja."— 
£iiiJiiit<f ffcaii. 

"Wm be ref4rrl«i1 l>y cfvH en^T]«en uaf Ihe uitmoat roliie, said CAlciibitDd to aive ixiBch 
tirac uid ofavia^n HHny iLiiu.iilces." — Ceiiury Grmnii^u- 

CAST & WROUGHT IRON BRIDQE CONSTRUCTION 

(A Cornplctc jinij Pracltcal Tr<?Bli*e oraX inr.luding Iron Found ikCiaiif. Ir 
Three Parts. —Theotelkal, Pr[n:tkal,.-md Dwcriptiit ByWiLLlAM Hukbkb, 
A. M. In&[. C.E., .-vid M.lnsl.M.E, Thlni Edilion, leviwd and much im- 
piavfd, wiLh Ei; Double Plate.'i (itiii orwbicb oov ticst app^.tj in tliis edition/, 
Knd nimcTaiis Adcl!iicin<i Co tbc Text. In 1 vols., imp. ito, hall-ijouad In 

morMxii ee IBi. 8d. 

"A niy vaSuablB rcTiEribuiifm ffl Ehfe ttnnd^rd 11ri?fnfvire of ^Wl engiii«tfnn^. In Ajdj&bl^n to 
.tteTaHms, plang, and CECtlDns, Inr^E kbAk dovaklK Bte ^vm, wliktl -very mac^h piihJnfB IhB 

"Mr. f£uinhfr~; wslpX^ voliiin^^ Ijit^ly jlsuod — in whkh tbry mcKf inip^rfant bfldHq 
WKMil -iurinj ;lir l^tt ftvt vsnPi, un'lM rne dirsrUDTi nf the lata Mr. Urunal, Sir W, CuMK, 
Mr, Hii*lfstis»', M(, I'jje, Sif. Fnii>kr, \\!, Hsi"n-n«, =n<i oth«5 amnsijj uur Pios' *nft»»r 
-eiigfiMtis. siTC drawn Hid ip«cUieJ In grcil di'l^ill,"— -'^'"ii'tJ'V-'. 

ESSAY ON OBLIQUE BRIDGES 

(PrscticsJ and Th.cereti>CAl>. With i^ lafg« Plates, By the lace GsORCB 
WATaoN RutK, M.I.CE. Fourth Ediiioji, leiHied bj his Son, J. H. Watsom 
BircK, M.I.C.E. ; and wHiti the additjoii df Dc.-itri|)tii>n to Oiasranu fir 
racIlitatinB ibe ConMruttion of Oblique Bridget, by W. H. TiARLOW, M.I.C.E. 

Royal Svo, cloth 12/0 

'■ Tit HVIdUd. laxt-beok r« an enflnee'S legardinB jkcw arcliei is Mr. Buck! trfU^u, 

">1i. Duclt'i traUlM li i4C«£alHd ai a iitand^rd let-book, ami liL< tn-ntmHir Iijie di*?nad 
tbelubJefC I>r muv of tbn intckdCLmlUpt^&nl to btliing Ii> iC A4 = Euld; m IbE i!ii£iii««i And 
iIchH«ti an i i^uulcsedlv difficult subject, Mr. huf^Vi ftCfk 'a unUlfplKed.''— J'utid'-'n^ AVUX. 

THE CONSTRUCTION 

(A Pinciica] Treaiuc on), 

Imprdal Svu, cloth 



OF OBLIQUE ARCHES 

By JoiiN Hast. Third EctitiDQ, with FlalB. 

a/0 



GRAPHIC AND ANALYTIC STATICS. 

|ji tbe!r PbocIicuI AppSicaiion lo ilie Ti^ntment of Sitc^^^ck 1n R00&, Solid 
GiTcIerf^ LaUicr, Gowf^trin^, and Suapcn.^Jthn FSrid^cA, Br^cJ J ro^^ A^cJUA Ond 
Piers, and olhtr Frameworl^:- By K, HuDiios ^.Jl*AHA[rt, CE. CantaiiiLiBg 
Diagrams and Platr?; lo Scnie. With numeruius EncaanpEcii, mA^V taJCAIL frdnl 
Exkiing i^crucLuTcs. SpeciElly fljranged for Clacs^work in CollegM and 
Uniwirr^jlin, Sccand flditton^ Rfviaed and Enlarged. Gvo, ctulh 1 8^0 

"Mr Crahama Irtok yriU find i plflCo ivlj«JSVer grapThiC Bntl 4inalyKc siaJif^a qn u^;^ m 

■-'Tlie wmtr U BHq:al]eiki from A pnmiical point ar v^w, And hai evIiHenll;^ bfwn pnpuml 
wWi much caiH. T3ie ifin?e[tD[i& far-vDrkui^ ara «LinplF. and mre lUu«trj[«d Uy iVk .ihundwice al 
inlL4eleeted dunpJ^ It ■& an eiielJrini [ext-book fi:ii the pEicCkaJ dnughttniiirL^'— .^XAtftoumi- 

PRACTICAL QEOMETRY. 

F^^T lt»^ Archim^i, EiiEiii»r, and kTecliaiiiC'. QivinK R.ul>u foi the Delineation 
and Applicaiion of various Geametrical LiuK^ FiigutMi, and Cutres. By 

E. W. TakN, M,A„ An^lecl, Sfvo, Q\r!(h Q^O 

" r^Q Bnob will] Bhe uidb attjEcB Itb vltiw h^ ever b«cn pubtiabol b. wbkli the cloacnvaA q1 
llie nilH told doim mdlliB iliuiiratiDE dbgnms hoiHtiHBiHO tJtWictoiv."— Scotii>ui«. 
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CROSBY LOCKWOOD & SON'S CATALOGUE. 



THE QEOMETRY OF C0MPA55ES. 

Oi, Piolitirnis Rcsolvcil hy ihc nieic DcMrrijition of Ciiclas nad the Use of 
C<ili>uftd DiaeniDu and Symbols. By Oliveb Bvbne, Colaured Plua. 
Ciown Bvo, cloih 3i6 

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS. 

A Cmphic TdT]-I« for Fib-Lllrating the CizrmpQtauon of tbe Wrdgbi^ of Wro^gf^I 
Iron, dnd SCccl Girders, &c-, fnr PnrtiarnciLiiiry and oiher E&i.iiiia(e5, lily 
J, H. Watson Bisck, M. IniL C.E- Oi a Sheet 2/6 

HANDY BOOK FOR THE CALCULATION OF STRAINS 

!□ GlrdeTt And Simitar Strvi-clures and l\te\j Strength- Con&istin? of Fcrmii^ft 
aiul CorrespondiiiR Dingrarti!., with mtmcrou'S Jclaili for Praciital Applica- 
tion, &c. By William Huhheb, A.M, Ingt-C-E., &c. FiTtli EdliSnn- 
CiowTi BvO|, wiih nearly loo Woodcuis and 3 PIhim, cloth . . TIB 

" Wc ^LnrLLly ttprqraEml tbla refllly ftart^y bwlc to our -eiiBiiie^r and arthltecf ratdfli,"— 

TRUSSES OF WOOD AND IRON. 

Piacttcal AppKcations of Siienct in. Decermining the ScressEs. BteaHng 
Weietlts, SaFe Loaik, Scan!tiiiiB&, aaS Detnilti uf Coiutiucllon. With Complcu 
Workisg Urawings. Hy William GuiFFirHS, Survtycr, AuUuuii M»altf, 
Tnuimere School cf Science and Art. Ohlong Svo, c3ota _ . . 4/6 
'■*Thli hfltnlj' TlrcTt book enter* io mEikuteljr liitii every detan fganecleJ witli the coP' 
itnjcthin tif rci^tfiititi (hit TiiO student nccdlic l|;TLariiEit i>f [lit»r iiiilierE*,"— /'rae/frai'^iri'fjMBF, 

THE STRAINS ON STRUCTURES OF IRONWORK- 

With Practii^ RenUkrki M \ico QvMtmaion. By F. W. Shbilm, M.l.C.E. 
Eva, clolb . fi/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

Wiih Riiie5 for Apnlitailnn iJ> Archlceciure, [he Construction of Suspensioti 
Bridccs, Railways, fee. By PETBft BarLOW, F.R.S. A new Edition, revised 
by ioi Sons, P. W. Bari.o™, F.R.S. , and W. H. T5ablow, F.R.S. ; to whitb 
ue added, Expe rim en ts hy HcitH^lilNliOK, FAIKbAIRM, and KtRKALtiv ; and 
F^rmuis Cor ealculmine Gtrdeirs, &■:. Arruiged. and Edited by Wm. Humbck, 
A. M. Inst. C.E. Demy Bvo, 400 pp., n-ith ig large Plmci anJ niiincrau) 

Wiwdwis, cloih 1 BIO 

■■ ValiLabIt alilce IQ Ih*- « Hi dent, tyro, fuhI the eEpertq^Kt TraclilTOTVer. It wHI aJways iaill( 
In'rUTure a% ii tL^hbiheito itin*, Hs tthff utimdird treatise or th^T p.'irru:i]].ir4ut^ect."^£ii^F£MT-, 

" Xz II H^entilit: -work nvrtti^Am cIjiss, 11 ilecvrve^ a ri>reiiiios plice on cba bDotclielve^ .ir 

STRENGTH OP CAST IRON AND OTHER METALS. 
By Thi>v AFi Tif HQGOLD, C. EL Fifsh Edition^ ind uding^ Hodc kihson 's Eitptri- 
mental Reseai-cheS- Bvo, doth 1 2/Q 

SAFE RAILWAY WORKING. 

A Trcs^IiK on Rsilw^y Accidents, Lheir Causc a^ld Pt^wb^iot 1 wilh & De- 
ecription of Modem Appliances and Systems. By Clement E_ Stkktto^", 
C.Eo, Vice-President a^iJ C-o-tisuUing J^ngineerj Amalgamni^d^ Societj^ of 
Railway Servants. WiiJi 1 Uu&LraBiDiu and Coloured Plates. Tturd Ediili^n^ 
EnL-ir^ed. Crown 8vo, cbth » . . 3i-B 

*'A tmnle fnr The HiKineer, ihe rlirHirDK, iha imno^on ; ^nd, in «haft., nil wlm wlfili 1^ 
InfiomiiKtlDn rkii railway maUi^rs *iLl find, a perimi fflicyclopjedia in 'SsIb RaJw^y Warldni;. ""— 

"Wo immtnri^A ihc r^marlca on ralCwiisi-sHj^LLniike tn all rafelv^jy rnsiiuger^. e&p&clBiUy whcra- 

EXPANSION OF STRUCTURES BY HEAT. 

By JchHN KitiLVf C-E., lace of the Indian Public Works Dcpsutraeni. Ctothi 
3vo, clotb Sie 

" Xtie Bun the iu]'rtii>r'TLiLi ebI beTc-iv hin, vlr., msliciw iLeeftecns al hisat upon matadlc and 
Gthev nrucELin>q, i^ s LaniliibU! one, for ibia la. l brnnch of irKyiies uptiii inh^b the «n£ineu nr 
ArchlUu?! DiDa Und hui LttE[« rellitile and coraprelLflisLin daU bi b«ulCL'^— ^wfObr, 
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RECORD OF THE PROQRGSfi OF MODERN 

EMOINEBRIISO. 

Complete in Fnur Volumes, Imperial 410, half-niorocco, price £12 1St, 

Each volLinic sold (iipOi-atoly, as follows :— 
First Serces, CompiiKing Civil^ Mechanical, Miirine, Hjiilraulig, Railway, 
B-riag-t, and olhcr Eneincering_Wurk5, &c. By Wii.i.iisw Humbeh, 
A. M. Insl. C.E.,&c. Imp. 410, wilh 36 Doulite P3aies, drawn IQ a large icale, 
PholOgrBphk PoFlrtJl of John Hawkshaw, C.E,, F.R.S., &c,, and copious 
descriptive Letterprvss, SpecilicMions, &.C. Half-moiDcca , , £3 3|, 

List op thh Plates amo Diagrams. 

VICTORIA StlTm-J AND RooF, L. E. J6 S, C- R- (» PLATESJi SfMfTm'OKT PlER 
(I Pl_lTES| ; VlCTllHlA STATION AND HOPF, L C. ft P. AND G, W. R. 15 PISTES! i R-OQF 
UP CHflWOHKB MnSTC li-»-[,3- i HE|DCF- iJH-lffB Q. fj. RtlLWAVi RoOF TF SThVTJOH, 
DUTCH RHiJSISH R«;i- (5- PLATBEIi FB!PiiB OVER THE THAMES, WF.ST I.ONIWfl 
EJCTEJISION RMLWAV (3 PI,ATBSI I ARMOUR PLATSSi SUSPENEION aELDfTE, THAMBS 
W PLrtl-BBl; THB ALI.EH EHCtNL ; SUSPBNSroW BRIDGE, AfON (i PT.ATR5) i UNTJER- 
CkOUKU RAILWAY ii ri^TBS]. 
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HUMBER'S PROGRESS OF MODERN ENGINEERINO. 

SEC□^B> Sefttes, [mp- 410. wnth 3. Double Places, Phoiograyhic Potit^liI of 
RiSbti-l Slej.'htiiMH, C.E. I ^r.P.. F.B.S., &e., and copiou^'dEscriptive Letter. 
press, SpeciUcitions, Slc Half'tnarocco -,.... £3 3l< 

■ List of the Plates and DiAiiRAMS. 

BIBKEKHBAD DOCKS, LOW WilTHH BA51N (15 PHTE5J ; CHARtNC CROSii STATION 
ROOP, C C. RailWAV iJ plat bS J I DICSWKLL VtADUCt, CHEAT K'QRTIJHHM RATI WAV! 

Rgebehv Wood ViA»ij4rT, Cheat NnHTH^Kftf Railwav^ ]hom PeBM^fJUwr WAYi 

CLVnACEJ VfALJirCT, MURrllVH, THEOECAR, AMU ABHR l"i A \^i^^PJ V RAILWAV I EUZEW 
VlAPUCT, MP-BTHVH, THEIiEtiAR, AMD A BEHC. A VE NfJV ItAll-W^V! COtLEGL WOOD 
VTADUCTr COBMWAU. BAILWAVI PUHHN Wintph PaT-ACP. POOr ij PLATES): BHIIKLe 
aVSK THa THAMES. U Cr A- D. RAn,WAy H PLATBSI: ALB&RT HARIMJUfL, CE&ENOCK 
U ]>l.ut,TESI. 
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HUMBER'S PROGRESS OF MODERN ENGINEERrNQ. 

Tmikd SSHIE*. Imp. +to, with 40 Double Plates, Photopap.hic Potlrailof 
J. R. M'Cleiaii, InLe Pri=i. lll^t. C.E,, and copiotls dcscrlpCiVe LeLterprcss, 
SpecificEiioos, Sic Half-moioccn . - £3 3a. 

List of teib Plates and Diacraims. 

MAIN DRAIMAGB, METMOPaLIE.— .VjW* Jijf— MAP ^HOWIMC IKTHJICHFrtOH OP 

SeiVSH* ; MlDULE L.EVBI. SKVl'EH (t PLATESp i OlfTPALL SEK.TII, BBJDGE Ol-ER RIVER 

Lba U P(-"th.=I ; iUthall Shiveh, BuiDt;ti oveh MAn^t: Lane, Nohth Woolwich 

RArLW-*Y. A'JO B13W APID H.Vk^IMr. R A ILW A V J U NCT I ON J OU"l"KALL Se^VHH, Bl*IDtiE OVER 

BOW ANT BAtJ^Pi^^; HATLWAv ji plate^j-j Outfall £EW/tk, Bfejoiis uvhk Ha^t London 

■WATBB-WORKS' FESPEB )i PLATES) I UUTt^ALL SE^VHH REiEEVLllH (r PLATEF;) i (lUTPAH. 
SBWER. TUilBLINS FAV *HP tlUTlreTi tU'TPALI- SewER. PP-fiiTEgiK? Jidul* S(^.— 
OVrrALL SBWBK, BEKMONPSP.V ttR-ANCK |a Pr,ATF?) ; Oi:TPA1_l KRWCR. RntEltV!>ln A(JD 
OmuTWPLATEliJ; Ul.Tt'ALl.SEWBR.FlLiatfOJST; SECTIONS OF SEWERS INQRTH AND 

so^^'lT sipEsi, 

THAKHS EMBANKjieNT.— EBCTIOH dF KIVBK WALL: STHAMflOAT PIER. WBST- 
MiKSTEm ll PUTF.5I; LjulDIEJIfi fi-fAlkS BSTWESM CHaIUSC CROSS AND WAVaSLDO 
Bridges ; York G*th (i plates[ ; (IVfeSFLoW ami? OUTLST aT SAVOV STkfcbT SEWeb 

|7 PLATES) : STRAMWnAT PtP-K. WATEHLGb ERIUC^d fj PLaTA^J ! JUKf!TH5K Ol" SeWebs, 
PI.ANS AND StCTlOKS; Gl.'LUEfi, PLAN5 Ann HbctiDHSj l!l)e.l.lN'li StoCK! GrAHJTH 

AMD Iroh Forts. 
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HUMBER'S PROGRESS OF MODERN ENQINEERINO. 

Fourth Ssries. Itnp. ^\q, viitb j6 Double Plaies, PhQioefapliic PoTtrail uf 

John Fowler, ln.[e Pr-ES. tnst. C.E., ajiil -copioLia dcsciiptive Lellerprew, Speci- 

ficadons, &c. Hnlf-mc-rocta ..,,,.,, £3 3s. 

List of the Platrs akd DiAtiHAUS. 

ABBBV MILLS pirtrPiHO £TATin», Maim DRAmAi.E, Metropolis U platssi^ 

BAIlliOW HOCKS i; PI.ATRSI; 'MAKai'I!' VIADUCT, S.■l^fTIAt;■I AND VALPARAlSnl RAILWAY, 
la FLATBSI , AftAM'S I.O£:OMOTIVR. .ST, HFLFJf'K CAKAL RAILWAV (a Pl.ATr.F^) ; CANSOH 

Street Siatiuh R^oof, CHAKFMr. crofspi raii.wav (3 Pt-iTEsh ro^d hridgp. nvPR 

THH RiVek HuKA fi PLATEESfi TP,l.P.GR»PHIC APPARATUS r-')a MESOPOTAMIA i VIADUCT 
OVER THE klVHK WVB, MlliLANT) RAILWAY is PLilTRSI ; ST, CERWANS VFADUCT, 
COHHWAU, RailVvaV (i f-LATfcS) i WftOUllHTIftOH CVLlMI>Blt FOR DlVrHC BfllLi 
Mjllwau- Docks |fi PLATESt: MiLfirtVS PAmUT EXCaVaTOBi MBTStOPOLtTAM Dis- 
trict Railway (i plates) ; Hbbbou^hs, Pokts, *kit) BitaAKWATBBS (3 PLAtea. 



i« CROSBY LOCKWOOD *■ SON'S CATALOGUE. 
THE POPULAR WORKS OF MICHAEL REYNOLDS. 



LOCOMOTIVE ENGINE DRIVING. 

A Pracncaf Mimual for Kngincrr^ irj Charge of Locomotive £n^TieE. \^f 
MaCHABL RBVNOtPS M«n^»r of ths Socieiy of Engin-eert,, ff>ni|prly Locii- 
motivc la&prcic^, L. B. & S. C R. Nimb Edicbn. JocludiEg il Kkv m 
THi Loco-motive ENcmSi WHH lllosd-aiipn? aoj pgrirjuit of Auibc>r- 

Croi-m Bvf>, cloih .... * 4-r'>6 

"-Ml, RTrni^liii bit tuvplirrfl i itant, arvil hu uviiBqi] It wbU. Wb can ct?nRdeiit]T trcoin' 

moHl ihr ticick niK onl; lu itiD piaciii:al diiveSt bul to GVtrygi« nho taket an Intciv^ In tIic 

lfer£o[ma3iccf)rirmui[Hnlvi!! ciiifliich" — The Efij^nar^ 

-""Mr. firynriEili hns niBrEkr;il a ntir (hniptDr ill the Ikmhirc tif the diay. Th3i a^naiatk 

|rnuniiai mAtBp. of rite j.mLc^icAl uiiliiy af wkbiclt vrc^LauDtDbpEat Inrcrni^.Df warm Eomin^nda-tiPiL'* 

-" 1' vuli^ntly clip wark iW one wTkci kntrw^ hii aulij-cct ihomughly." — RaiJu-ay JimwCf GiUtOt. 
^'Werfllhcc«iElnn« ALLiU nAa i^ten It^ [lie Ijoot la becanio priit of tlie citiy^Jaj iraTtiiiK 
DrDuaoofin^lriHtn, ■cmi^bi Iuik fi^vr^r-Jiilrf^neHicciHrnia to (\cjj\on-" Scots man. 

STATIONARY ENGINE DRIVINQ. 

A Pifuitlcal Mutual far EfigiTseeis in Charge of Slfltior^y Efigidts. By 
WiCHAKL RilVNulds, Fifth EditEon, Enlarged. Wiih Plates and wp^rfcctt 
Crown evo, cluCb 4[6 

'Uwi'ted ii citaj dud viactdcoL . - - He haa pEL>LliacBd a ojAiiual ttIucIi la iui cu^eedioffly UK^ 
^DB RvltLB clov fur vrqom i| a apecinlly InlenLlaiL" — Untri'iecrifi^^ 

"Quw atither leq*u ud atooe uj^tarneil. He 'm db-tejEEiiDvii Eliat bl/ rfiadcra iliaU not odj 
Irnow MdiBtliingvbobt the icatk) nary (si^anc. bu^ oU about iU''~En^ii^r^ 

"All cngiiBeiiLaii wba tia-'^ iU4^ued tlie [:unteiLt3 oE Mr. RF.j-[iold4'^ book vID. reqidn bill 
Ul-tlo actu-al cjiperkncB witli tiullian i^\v\ eii^Liie^ bvfon Le i;an W tnutied to look Bflor iIkul"— 
Hf^Hik Mickanic. 

THE MODEL LOCOMOTIVE ENOINEER, 

FircFncn, anil Etiijitic-Boy, ConipE'isiinG' a Hi'^torical Notice oF "ihc Pjoncer 
LoiiomDEiv? En^ir3i£5, and iheir Inventi^r^. i^y MrcnA^L Revfjoi^p^. ^ecQO^ 
Fldiiion. wiith Revised AupcrbdU* With numtrous lliualiiLiion^, and PorlraU 

of GtuTfie Stephenson. Crown avt», dwh. [/ws' PwWw'wd- 4/6 

'■I From tlnB I'Jc'Nnica] 3innw]«c!ice of |h* j.utbor, ii will appoa] lo the rjdirjiy imm af Co-da^ 
abarvfDKlbfy Uian qpyl^ni^ WTillvn by Dr. fimllcL . _ . Tli-e vaULiDt i?cnilfcitn9 infotmitloi; ol l 
ndralcBL bind, nri-d IsfH vhnf every driver ttir^ld be famUl^r wi(]ir"— fic^fCrA I^e^mn%c. 

'" Wb itiou]d be^ciri:i aeatlili l>mk in Ih^ poswHion -ar evei^ine taithe kifij^om vha Ah 
ever laid, dtI5 id lay, b^uidtan a loeoineH^e engine. "—Jr.»i. 

CONTINUOUS RAILWAY BRAKES. 

A Practical TBTaci&e on the ^vcial Sy^tem^ m U^e in ite UniUd Kingdom : 
thcLr Coi]!nruciion nnd PcrformE.ncc, Wiih copious lllu^tradon^AnEl numcrajt 
TabCcf^, By Mj-cwaei- Revk<jlps, Larg-» trowp Sv(., cbih . . 9^0 

'' A nciijulas eiiiLin^iLiiti uf EJie dilTprenl ltiak(?B. k wiU bt of gEP^i ^^i^ijinca Id romine 
pubJlc apLEimn, ^nd will Iv uudiol wittilvneJii by thcsB nJiDLake^dnlnCBrtj^Lln Ehe lir^ihe." — Sitg!lu* 

'* WTlrien wlili mllidffiii tsihnlc^ -it-n^u] Ta fliublo Ehe principal and rvla-VLve i?OTUBeetlOD of lb* 
viiiuuiQ pander BQch partieuJiaf tpnlcB eq he loaCiiy jt^atped- — -iftf*anii'r«A ii afiii. 

ENQINE-DRIVINQ LIFE. 

StlTTiag Adventures- and IncL-dents in the Lives ot Locomi^tivc EngioA- 
Diivcrs- Ey Michael Revmoups, Tbini Edidon. Crown S wo, cloth . "l/jQ 

" Tfcwn £i^ ID Ltst prfrfbcily la^cinQiing. Wilkic irDtlbi5'5 mo^l LlinlliiiK dmcrrpitlons vn 
tbmwn imp tlie shade by imp inculDEit^ pQidIc5^ In lIipIt Tdrietyi rpUi^d in e^'tfry pa^t"— JVm* 
Briiijh MbU. 

"Anyont <"!io -m»lie» m gei a real biiglii biio raQuraf life cannot da ImlMi than teod 
^ Eii£]nc-rJrLvii.L^ Lire'r^f himae^r v^ if he oiice tiilres U np he will £nd ihiic iliCLULbur'n-cnltiii-' 
bLu:]] nd leal luvQ-af the civ^ike-driTlnfpnjrebiouivLJl'CJbrTy bbn on luttlllkC li<u irad ovcjy iiaCCr' 

THE ENaiNEMAN'5 POCKET COMPANION, 

And PriUriccid ELducatcr for £!neinPEnen, DoileT AtieniianE^, and Mechanics. 

^ MfCHAEL RBYNOLL3S. With 45 N^ustTPtioDS And nuiDcrous X>L3igram^ 

TtirJ EJiliun,. Revised- Royal iBmo, Bttongiy bound for podccc wear - 3/6 

" Tliu adiTLLnLblfl TFork It qnll suited io BCCDmpllsfa Lr:^ DLJnct, bcinE; tha luHiepi workmuulkip 

af a cOTEEpciGDt cnj^GFor-" — Gfaseo'ai f{rraid. 

" A mo^ meritoriDu^ worf l sd'vinK' in a succinct anit p-iHctJcnl focm aH the inrDmuElon in 
fHtftQiD-niindrr de^Iroua Qrmasterinif the sciTfirdfic princlplcB or hb dolly c^lng would tcguice."— 
7'im MiJJeru 

*'A boon EoUiooB wba Are sldvUiETOljccwncelTiclenl diccIiidIci."'— Dd^/j' CJkwvjtirfr- 



MARINE ENGINEERINS, NAVIGATION. *c. 17 

MARINE ENGINEERING, SHIPBUILDING. 
NAVIGATION, &c. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

pocket-book of yurmuJa:, KgI«, and Tables, nnrj .Mflrjr.i: Eisgineer's and 

■ Surveyor's HanJy Pouk uf P-efgrentp, 3y Ci^r«ENT MjAckiiqw, M,[.N.A. 

5jxt1l E<diUOI], iteviged, yea pp.^ wit3k ^co ]lliLstrQtiaii&. Fcap., leathtr. 1 2/Q 
S taslARV OF COKTBNTS;— SIGSS AJTO SYMHOl^, URCI MaL FRACTIONS.— TklllOKO- 
kexRY.— PKActIllMGBUM.E-1-flV.— M&MSITKaIHJiS.— CHHTRBSfllJD MUMeKIti OrFluUHFJi. 
— MOMHPTS IIP INCHTIA AND KAPII QP GV kn"rj:OJJ,— AHiBbfcrt TH^AL kJCrKE5SLO?J5 FOB 
S3MraOW'5 KlL'LES. — MMCIlAJNICflL Pfi-JNCIPLti— CeHI KiiUK GkA^'ll Y. — L^W!^ GF M0T3O«j 
— DiaPl-ACEMF-NT, CENT&tE OP BuQl'rtNCV.— CeIjSTHH Op GsAVrTT iap Si-fTF'S HLILL,^ 

» Stability CunvjiS amp Wet«chntke5.=Eea. nun Shaj-lqw-ivatp-k Waves.— Rolling 
OF Ships.— Propulsion anh RESiaiANCs op Vbssels.- Speeo Trials.— Sailing. 
ChNTUB op EFFtlHT. — DISTAKCES DOHTl RlVEHS. COAST LlMPS, —STEERING- Ana 
RutJcajts OF Vhsssls.- Laiimching Calculations and Velocities.— Weight oj" 
Matekial anu iIkas..— Gun Partjculahs and Weight.— St A?i da ru C-AUtiBS 

StIVETED JlJINl-5 AND llsVHTlNli.- STKHNGI H AMD TESTi OP JjAIEKiALS,- li[HI)[NCi 
AHO 5HSAKCN<i STKE^^FlIS, i'C. — STKfiNHiTH OF SiCAJTIKG, f'IB.LAIts„ WllElfU^, d-q. 
— HYISRALILIC Data, izc. — COKIC S-HtTIUH^, Ca TEW A HI AN CuHVSS. — MRCKANICAL 
POWP.RB, WOHK, — BOABP OH TtlAOH KECUl-ATIO?I>i POH Bdilehs AMQ EKCINES.— ROAHn 

OFTKAQG KEGULATlOJiS FOR SHIPS.— t-UO-VOS KULRS PDR aoiLEHS LLOYHS WEIGHT 

□F CHAINS.— LLOVD'E SCANTLINGS POB SHJP5,— DATA OF ENGINES AND VESSELS.— 
SMtPS" FirriNCS and TESIS.— seasoning PKESEKVING TIMBEU.— MEASUKEMKNT Ol" 

TlMBHlt— ALLO*S, PAINTS, VaHSISHHS DATA FOB STOWAGE.— AUM IK A LI Y TKAMS- 

PORT MKgL'LATlONi..— RULES POH HoBSa-POWHK, SCkbW PKOPULLERS, ic.— PEH- 
CBJrrA^ES FOB BUTT SlRAPS, to:.— PAaTltL'LAKS OP YACHTS.— MAST ISG AKH Rie^plt 
VEES^t.5^ — DI^TAVCEi OF FDWEigN POHTS. — TONN AtB TABLES. — VU-tAGEJMRY OF 
FUBNCil AUD ENIiUSH THFMS, — Eni^ljeh WEIt-HTS ANU MPJ^URB!;. — FOHEIGH 
WEIiKTS AtJP MBA5VRP-S,— lIPCIlIAt EgviVA LENT!,.— FOR Pir^N »1I>Ney,— PISCO VNT 
AND WAtEB TABLES .-UbJEF VI, NUMBERS ANK RF-ADV KECKONBBS.— TABLES 01^ 
CIR.CVLAB MEASURBS.— Tables of ABF,AS of ANP tlRCUHFEHENCBS OF CiaCLES.— 
TaSLBS of AKEA£ OP KBCSILNTS LJF CIBCLBS.- TABLbS OP &gVAK£S ANC CVSES AND 

Roots op Ni^ubbr^.- Tauli^ up logarithms of NUMS-iiKji.- Tai-les or Hvi-eii- 

^_ 80LEC LacAiLrrKus,— Tables fii' HATHtja, satss, Takcenis, Aic Tablba cf 

^K LOG^WTKHic s:nes, Tanc;hnts. iL. 

^V A. vast abieuni <iJ Irifonii-iLiluiL H> unbvfitatingly ^^ tttui IE a Itie nnvsi valuahle ^raDipUatLnn for it? 
flpBd.&: ^urpute thai has ever been printed. INo ua-Ya] laricliltticC, eaiginEcr, survbycr, cr acamart, 
wcfld aruDEi sbipbLkl3dcr. ran atiord to- ha vitbaut ThL^ v-urk. ' — /Jaiimal Magaaine. 

"Stiauld Db Eisprl by all who arv cngaj^d in thv r4>ngmict1«i ar dEsirm fil ycr^seb, , , , Will 
t>« found to contain thff ma^r U4«fik) taUps and fDnniitE Tvquin?d b^ ^iJ^Lp-buil^i;!^, cia:r«(i]!|iy ?1>l^ctC<l 
bom Uie btS JucBoriliiB, ma put toe^Ilur in a pivpular and tunple Jerm. The iM>Oll Is OE* ftf 

«se*ptleDil nierli."—£"si »*?•', 

"Tt«pT<Fr«3S<9n.i}ibii>tiWlder Imnnw, In a cci^enlent nn-j iK;«5i1>]t lonii, itUible dau br 
MliFifie EvacTOILUt niuti4iFjM^ ifitibliois ik^i pitie^al ilb«Mt«4\'<s In the caunc efhb trDck."- /rsn, 

"Tiii:rc UljiS duubC UiiC ^ »P£kC(-EiC<lk df (Ills dfeUHflHvQ inliat be a BKisSitria thci^p. 
buQdl]]£ Lrado. . , The pDlubiD conlaiai ^ okMl Of useful i^ofiQallDD LlcarSf uprca&ed Vld 
prBSODled m a bioady f^nn." — Marine £it£in£er- 

IWANNAN'5 MARINE ENGINEER'5 QLIIDE 
To Board of Tmde £xamiDntLODs for Certifi^nie& DrCompeieiDcy. ConCaiE^ng 
f all Lfticsi Ques(io3W to Datc.^ with Samplt, Clcac^ abJ Corrcci Soluibrs; 



elementary and Verbal Questiona and .^^jiEwera; carnplcle 3'7t ^f Itrawings 
witJi StoTimcniscomplticd. By A. C. Wabhah, C.E.,Bridi E. W. I. Wahman, 
M.l-M.E. lUnstralenJ wi(b ntunerou^ Kngravingg, Cr^*n Svc-, 370 pagts, 
dolh: [/nsf Pubiislttd. 8/6 

[WANNAN'S MARINE ENGINEER'S POCKET-BOOK. 

ConlEininE Ihe Latest Boeri! of Trade Rules and Datia for Marine Engineers, 
fiy A. C. Wannan. Second Ediiion, caiefiilly Kewiswi- SqUBre lijao, wilh 
tbumb Indci, katbcr, ijuitpMblished, g/Q 

MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By RuhHert MLrRjTAir, C.E. Eighih fktkLun^ cboroDghly 

I Revaised, wiib consideraSle Add! Lions by che Autbar anj by GE-ORCE 

I Cahhslrj C.Enf Senior Survtyot io the Bctfud of Tirode. lamo, cloih . 4j'fl 

' "WcU d.Ja^Licil W ^vc the yuucf !iLiraLaJ]jlp cnEiuficr ar HL^rine ea^e DVid lioJSct m&kcr a 

genera] iutri^duLliuD latu hi^ prd^LiLaJ wntvk." — MttJiartiwat Warid^ 

" Wc fad sure <hfll tkia alicip^uMhl) rcvixd edition wri]l cenlinae Id be a<t iJD}»ulartn the future 
SI It h^f Ibctn ui tbe iJAstp a.-E. Tor lU iiue, it cuittiuiti mgi% utetfui JjifunaaUDu ihon onjr similv 
, IrcBitUe."'— MJk/i^i'Mi 
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SEA TERM5. PHRA5ES. AND WORDS 

iTcchtacai DicE^oaajy of) used in the EriK'lish aikd French LanRuaecB 
lEngHab-FrTOCh^ French -English), far the U?p fSf 5*ame!i, E-nglTiecriT PilotE, 
StDipbnUderB. ShLpowntn^ and Shrpbrokcrs, Compiled by W. Pirrtk^ LaJ.e of 
Itie African Stenmsfaip Ci?mi>u]r. Fca^?^ Svo.cbth ILmp^ n ,: <- fi/Q 

" ThK brtluiBff wiH tH'hLH'liJy ^ppfHiated by Q<*djn»n4 EnginpeK^ pLLnb. ^hipbciildvH jjid dUp- 
ownerir IE vHll bd founrl tpQimpKiLlly ^E^Ekimle QEiilr^inipli^lE.'— -Trc/JHutK. 

"A very u^fu] ulictlonaTy, "tbtclk ha& l^mg been -wuiled by Frenctk oitd EnjUsti englneAi^ ' 
iniWBR, oSfeR Mid atheK."—SAif/iHff tV£r!a. 

ELECTRIC 5KIP LIGHTINQ. 

A Hantlbook on ihc PiTActica] FiiLiua and Rimning -of Ships' Electrics] PlAtit, 
for th« Use of Shipo^vncrs- and Btiifders, iM^rine EIscCriciajiE And S-ea-^oine 
Kngineets m Cbatgc By J. W. Ukqiihj(kt, Ambac oF "SIkuic Liobt, 
" Dynoma CoDimiction," &C. Crown Svo, cJoib . . . . , 7/8 

MARINE ENGINEER'S POCKET-BOOK. 

Cptisiscin^ of iiMful TbW« st!d Fintnulffi, By Fbam< Pboctos, A.I.N.A. 
Tbird Kdition- Royal 3:fmo, leatlier^ ^It ^gta, with strap . . 4-/0 

*' Wg m:DiixiiDni] L[ Id fnirruiiiirraafifrjjfie tm tia ivpp']f ^ toni^-fdt tt^he." — fi/kvaJ Scittuc 
" A iDaat usG^ EtnnpAiiinn ca oj inaHncr fULi^ccn." — LniltJ ^reiGt Gatriie, 

ELEMENTARY ENOIWEERINQ. 

A ManuaE for Voiung Marine EngantcrB aod Apprcnlicti, In the Form of 
QucF^tiDn.; and Answers un ItlGCak, ALiay&, ^Lr^ngcn af Mai^Hai^ -Coo^trucrjon 
luid Majifl^cmcnt stf M^ini: Engines and BtaiJcrs, Gcuinctrva Sec 8:c, Wiih 
an AppendiH Qf Useful Tables. iSy J. S. Brd^^vbr. Ctqwq Svq, c1o|E] _ 1/Q 
"■CQUt^lfu ituich Q^ua'ble LiritfbnniEioii EL>r Che clui rnrwlitim It Hkideaded, npedaU; ia i.bB 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea-Bduk, by James GKEEMWLWia and W. H. 
Ko^kkr; wgftbw u^ih tJw exquisL'e Matherafttita] and Nautical Tablits foe 
the Woiltine of the ProbHems, by Hesbv Law, C.E., and Proressot J. R. 
YifUNC, IirustrAlcd. lama, suon^ly bslf-bound . . ~ . . IIQ 

MARINE ENGINEER'S DRAWING-BOOK. 

Adapted lu ihc Ke^luirsniunla of the Eto^d of Triulc Eprainin&Lians. By JOHH 
LoCKie,C.E. Witli 9» Pb-Lfs, Drawn lo Scale. Rojil 5vo, cloLh 3/0 

THE ART AND SCIENCE OF SAILJWAKINQ, 

By Samuel B. Sadlbe, Piaccbol SailiEuikci, Iak in th« «niplDvinEac cf 

Jrfc5srs, Ratsey and LapLhorae, of Ccwcs and Gosport. With Plaitt aj]d 
ottier I Uiu I rations. SmedL +10, clatb 1 2;0 

'^ 'Hiib frvtrem^ly pmci^cal woik giv« a rQir;[ytp1fl cdiicatiMi In on lb« bnn^fi^ of lliv ouiku* 
t4f tun, ceiHJiig D(iT„ mphn^, uaniui^, B-n.d (>nr^jr. i^ is co^iDvsl<^ Ulu&BirdtDd, a.Dd win itina ■ Arsi- 
raionxr-bflDk and Bviofl.'^/^r'fw'uj^ak jr^Mir^. 

CHAIN CABLE5 AND CHAINS, 

Compri^iQ^ Eases and: Cur\'«5 of Ljnk^, Stud^, &g., \jfrti ffit C^tl-I^ and Cl&aJthSi 
Chain Cab3e and Chain Making, Foimiiig and Weldinc Links, Strtngih of 
Cables and. Chains Ccrtijncates for Cables, Markin? Cabte^t, PHeca of Cbun. 
CabiM and Chains, Hi6toricaJ NoLss, Aca of Pariiouiicm, Suicuiorv Tetcs, 
CJiarga (or TtstlnB, List of Mmnulai-iiireis of Cahlei, Sc, &c. By 
Thomas W. Thaill, E'.E.R.IJ"., M.Insi.C.E., Engineei-Suirvcyoi-iri-Cliiet, 
Board of Ttnde, Inspector of Chain Cable juid Anthoi Proving Establish men is, 
and General Supennl-^ndenL Llay^'p Cpnunittpe pi^n Proving EsiahUshmFnts. 
With numcr4>u& Tables, llliLairations, and l.iLbogia.phic Drawing). Folio, 
clncb, bevelled bo^nks .,,.,,,.,. dBS 2*. 
"It conTalTK a tssc amouivE of riil-LLablii inliuiiuIiQrL N'ntLEEig creins EQ be HUkUnif lio iu4ke Jr 
■ coin|ile(e and lUndsid narboltelBnDEVini.lCMiuCiwi.'' — efauMai! Mmgaruu. 
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COLLIERY WORKrNa AND MANAQEMENT. 

ComprL^iing [he Duitv^ of jl Collierjr Manaeer, the OvpTsIghi and Arrange- 

m^nt cr LivthjLir &3id Wagts, and the difTBirRnL Sydtenla of Wsrkinj^ Co^ 

Sicaiii^. By H. F- Bejlmah and R_ A- S, Reewavne, 350 pp., wtth 

aG Pla(B,s and oHhsr Jllustr^ioD^, LnrlLLdinj; UndcrgioLiBid Pkolo^raphfi 

MedSum 3vo, cloib- [/i«' Twilj/i^JEeii. 1 S/Q 

" Thifi li, indeed, 4ij admlidtilF UEndbcnk fbr CaUbBQi Manners, In fact Ieis ah iii[]i?iiKn^blD 

AiJjLinci ld a ColUciv hl«mjiQaT'i PLlncinpiki nt weEl us. Ymmg a. mu^ uikfltiiJ and iniardptiag work 

<ni Ehpi^bjsctifbr alt wka in any WHy hive [ado with coal mining. The iyi»riernTound phniQsrraphi 

Am ana[Era[:tivelEatikrc0i<rilie t-grlc. t«liig nry Idrelikeani] necauiii'ly' true repnaeikUUaDa o{ nhe 

sc«n« liiejF dBpicL"— < cHiay {jim^wdut-H. 

" Mr. ButniJ-ii Pin-rt Mr- RnJnuytLe, wlkQ are boib BapaHenced Ccll^lery Manigen of gieat 
literary- ^iitd]] I J-, are [i> bv i;i3iiFrA[iFl^Lrdi>[i hAvtaB-siippLud .in^uitiDriTjiclvB wcik dealbie wftb itide 
or Clkc uitij^cf or cc-U -nJnmg nhich bes hltliEiiD FHeivDiJ but s^coiit tPcarmcDL Tbn authora 
BlUfidaTe their i«xt hf ie« wntj^ruts ^ind lEJ pUl«(. rno^En-rthB kafWT brin^ jdmiratlH nprodiicdah? 
of piotOfiiaplLBtilrEn undeixraonfl wiifi x^t Bid ^f th* mgjnflBiBra flwb-ncht. Tb«0 Hliistritiona 

INFLAMMABLE QAS AND VAPOUR IN THE AIR 

(Tbe DeLection oiid Measorttufnl oO: ^V FPANK CloU'ES, D.Se., Lirnd,, 
P.I.C, pTJjf. of Chemistry in the University Colleger, Ni>[[ijIg3iBni. With a 
Chftpt*r oii Tkk DKTFCTIOK AKD MEASUHEHEHr OP PKTBOlLlEtlM VaF^JUH 
by BovEifrDS Redwood, F.R.S.R.j Consjiting Adviser iq the CorpOTation 
w London under (.b« Petroleum Aces, Crown Svo, clatlt, 

{Just PvUiikfd. Ntl. S/O 

'* PtoirsaoT Cluwra bu ^vcd us a rolunie an a jriiVifKl nfiniiclklnGlLtiiCT'ijJ ImEicnpiicc 
Th05B InivrcsEcd Jn these maiitn may be recoimiiended rn aludji Lhli boolG, *r1ui;h u eaiy of ctFm]irt 
bciuion and CDtitaina lanLny Koad I IiIili^ "— • TVir ^nwiirrfr-. 

*' A cunv'tinicfki vummyry uTtliG work on wiiicn Pnrfemaf Clnwes has been BHip^d frriioriiE 

cnn5ldrraT»lc cimt- . . . It ij !iflrrlly npcHiiury [J5ij- tlii[ onjr work en rliwse ffU-bjectswithtliei* 
names on Che titln-paaii mnsi: ("to 4 waLitahla one, iiirl DnaKluil no mlninu Bngldi-<±F— certalnJy na C(»al 

MACHINERY FOR METALLIFEROUS MINES. 

A PrACiicaJ TicatT'^c for MinSng ETii^inter^, Metalluigiiiiis, and Managers ot 
Mints. By lii Henhv Dalies, M-'li., FtOS. Cr^wn Bva, ^Bs pp., wiib 
upqi-ard:) of 300 lllu^tralions^ cloth- [Jli^t P-uIil%shed. ~| J2/'6 

" Mr. DavIcs, in tbL^hpintlsii-me vipluniu, hssilonG thr advanced stuJcni aad rTto man^ecr of 
mineagacsd KEvbcc. AluicraJ: ^vci)- kind ai ima-chinew]/ in acnj^ llh h carETuUy dEKrilicjl, .uidlhc 
irecd£4]a and ptaic^ awe \^ood."—^dien,cnm. 

"Fioin cover to co*tr tha wfl^rlc util>it? aH ibe Sfline chnmcltTi^cg irhlcb ciLcilt ihf coa£- 
df>iiied dad aECracttbe mtenilon of ihe jiudi^l «3ie pevuset die finl pag^ Tlie wcrfc rruy safehr 
bt renamiD ended. !lf lis pubUcaT^on [he Uteriirmre CQsmtcled wldi Ihc iadu&Ery wiiL ba ciukbcd 
uki t^LP Kpuudom afiu autSior enhanced-"— ^inri^ J^aurvaL 

METALLIFEROUS MINERALS AND MINING. 

By D. C, DavikSj F.G.S., Mining Engineer, Ac, Author of "A Trcatii* on 
SJal« and Slate Uuanylng.'' Fiflh F.diciiitl, tliarouiKhly KeviEcd and mucli 
Enlarged by bU Son, E. Henrv Davi«.s, M.E,, F.G.S. With about 15a 
lllustmtioiia. Cmwn Bvo, cloih 12J8 

"■ NHlJif r t31*1 prartira] mtftcrTiortlbeircrisjal r&r^^^r, JrMTti^ed i& nilil43i cw hart 1 btite 
IxKjIt fur Fil; CDTnpa.[:ion and hii guidB,"_,1YlMi'M^ jfi'^f-r\a^. 

"Wc an- dDiiur our reidcij ] Sfrflc* (n etiuiiiji tkri/ BllEntlfiii lo, tbii rtluiblb irSilL"— 
ffiHiHf HfrsrJd, 

"Xs a^lL^ory cf tliE prEseiTT °1ltt« «(nilUlHe thraugkLiut Old wmld llii^ bsoL fau a nuJ volus 

and it si!pp1i« i-a kciiijiI wiuil."— .l/AcnzH'.T. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. D^vitrs, F,G,S., AkithoT of " MeLalliferous Min.ecals," &c. Third 
Ediiion, Revised and Enla/gcd by Lis Son, E. H.HKRV Davies, M.E.^ F.G.S. 
With atK?ut 190 lllustracicn^. Crown Svo, doth 1SJB 

"W0 rlQ net rDmambef ra^ve rj1«1 *Hith BT/ E91gU4h vark on mlnlrijr rnatftri (^IC C^CH-t^lnS 
tlb-H umanfQovTII Qf uvrarnuil^r |ij.c1redin equlUy er^hvvnlcnt fcrint'* — Ac^HHy, 

" W? ^boLLlrj l:i« lilflllveLE to ra^k it u aniaiuf tbe -rary 1w^^k1'\tV^tvV^^ ^V^^i:^V^'^^^T«A:»& 

iiijiiiml'i-ivnicuiiin.' ti.i.e[iili-;ilij,f!aj-i:il.'-— (J|-|fij)7ui!d(«ri> JiiVim;, 
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BRITISH MINING. 

A TeiTflllv: an ihs H'attJty, IMlCOriry, PacII^&I DcvcIopmBat, and Fulurc 

ProspflcLs of McuJliiftrciu-i Mine* in ihe Uniied Kingcfoin- By RoaaRT 

Hunt. F.R.5.| late Keeper of Miiuae Records. Uptvardrs aF g^o pp,, with 

«^ I tlu&traticjns. Second ^Jiiion, (<?u9-(ed. Supcr-roy^ &vo, cictb £2 2bi 

" The book li « trHonfe-houMi iif «tad«ifa:ii1 inrcmkanon cin Tntninp- uibjecti. and Wf tnoH-of 

no othBE wotk «in!tKidykDff w ^ns-t n niius of ni^iccej qf lihis kin'l, wpre (Ills thfl onty iiwirit fl-f 

Mr. HunE'i ?Glume It: would t>e fvHitifiiL Lo rvncWi it ImJ bipeimblt in tlit Ubr^Try of cvny cnc 

laFer^ed Ln [Jw iltvplopiiicikl cf IHe rjiinjnjf And meEoUiirglciil InJu-uiDn dC thK cDunciyr'— 

""X met of inrcmuitknii noc eLHnvliiprB itirill^'biCp, anel of thefrBatvn value to tbv# vhe xn^f 
br InteiE^ed tn *ur £»9t iiUn«il LndEtsiiiaL^'— ^fr^tu-rv. 

MINE DRAINAGE. 

A C'Jrnplerc and Prictical Treatise on DirccI-AciiEg Under ground Stcani 
Pumping M^tchinery^ with b Description of a lai£? number of Eb<E: btst known 
Enj^incsj ihcBr ritntral Utilifyand tbt Spedal Sphere of ihcir Acceoh, the 
Mad< of Lheir Appjicition, and Lheir merkg ccmpared witb otbcf fbrn\7i of 
Pumping Mifchlnery- By Stsiiuen Michell. Bvo,do!h 1 fi/0 

■"Will be h^iFlily ^oemGc] by collierv owiwri iurl leiwea. mmiiiff Hnf;]ii««rc. and «udBii.H 

fpnently who reqalrs tki be icqiLaintecl iirliih Ehe best mejns of wciiring tTls tlrjinige ut lobkB. 
L 14 4 mon *jiIuAlilv mowk. and tlamtt n^ott aJucte In Che MteraluiH of KC«;im pumpEns manJiiiii-ry/ 
CoT^ir*^ Gttaritian. 

"MD^h valijiible-liifnrmatloti I& tflvcn, u tb;i: Elifr botrlc Is iLDmn^My tranby-Df jq enemjve 
ElrcuLiiJou aHLiia^t |.iBacti[:3] aneii anil [.iuridLAi.anDr macblucjy/' — .Vimii^' Jfeatryutt. 

THE PROSPECTOR'S HANDBOOK, 

A Guide for tbc Prospector and Traveller ui ifcarcb of Metai- Bearing or olbcr 
Valuable b1i3icr».ts. By J- W. Andei-tson, .\f,A. (Camb,), F.RATS.j AuihO' 
of '* FiJB Jvrnl New Caledonia." Seii^ntli EiJiiitnij [hor-oughly Revised and 
mueh Enlarged. Sniflll crawn Evo, elotb, 3/B ; or, leather, pot'ltet-binsk fonp, 
vritb cuck, [Jait Published. 4/6 

"Will akipipLyi tDiicti-rclE naiit. rspfldallj aiucEig Cd]dii[^, in ifhotf way iiiT! 5a aflen tbruim 
msiny DiuiErBlocu^l ^prcnnmu ihe toIuc afvbich k \s dlfficulE iio dritrnniiic" — ^n^riHrcr-^ 

'* Hoir xa Biiiij cnrrnnrriiLi] m]E<]TaI'>. ^ind hnn to idrm-rfy chcm when ihi'i' die foimd. irfllie 
eadbif polnUlo iwUicb aireminnb diwctfd, Tl»p ditthoi has m-inii^d En pact ib» mucb pracrBuJ 
detAillbm hii pii|f>ei a& would iup|)Jy nqnicriai for nbauk duc^? tlicics lluIze, —.HfiHi*i£- yoitnaat 

NOTES AND FORMULvE FOR MININQ STUDENTS. 

By John Rbkmak Merivale, M.A.,LaK Pi-jfe-iof nf Mining Ln the Durliam 

CqILsbb of St:kni;f, Newouiclc-upoii-Tj'iie. Fruirib Edition, Rrviicd and 
Ehlm-ged. By H. F, Bulmait, A.M. Inst. C.E, Small crvvw-n evo, doth. 

"The amilinc his drnc hbirork in a crrrliiaya miuiiipr. aJi'J bji ]>p)r3iieed a bnok ihal (HU 
^ oT^txvlcti to sludcnti mil Lhoac vho jir^ pm^ically eBipivFil in luialaie apaatiQta.''—^rig^tar^ 

THE MINER'S HANDBOOK. 

A Handy BiKik oF Rtfcrence on ilie subjecls oT Mineral D*pc*il*, Mining 
Op±l^ti«m, Ofe DciMirg, &c. Far the "Ust of Sludcnt5 and others inlfmlfd 
in Mining Matters, i!y John Milne, F.R.S., Prof«sor of ^lining in the 
ImtKrial Univci'^itj' arja]>an. REVided Edill^iti. Fcap. Am, leatbn; . TIB 
►■Prnftm^r Milne'3 Inndl-Mwlc ii Guta ta be FEfEtvf^d with fBVAIir ty all C4IUBKIti4 »ri<& 
jnlninjj, and wiil b& ^rrremtly |wpij]gr araontf ^Eid^t4^"_^^^^ij^M. 

POCKET-BOOK FOR MINERS AND METALLURGISTS. 

CompfLiiilg Rute, Formill*, Tabic*, ahd Notes for Uae in Tield and Office 
Work. By F. DabveH!, PoWEH, F.C..S., M-E, Fcap. Svo, leather . QjQ 
" Thlb cici'U.ctic htKik Is an admirable cmanplr nl iE& kind, and nn^liC m ind a lEqpe nM 
■mob^l SnHli^-^pcdklnK prcfpci tiirs and mltilnE KD.ipa.rrma^~-^liiiffiMJ4l^>yff. 

MINERAL SURVEYOR AND VALUER'S QUfDE. 

Catn^nAlne A TrealL^B^^ Oti ImiifoVEd Mining Surveying ajid Itc ValiLitioa o. 
iWining Propeities, with New Travecso TrSIbs. By Wm. .L]NT«h»i. Fowtb 
KiiitiQH, Eiiilarged. mrio, tAci^\i » . . . . .4 9/B 
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THE COLLIERY MANAGER'^ HANDBOOK. 

A. Comprfthcnsive Treatise on tbii: Layuig-out anij Warlung of Collieries i 

De^ifnulUB BiMkofRffi^tence for Colliery Managers, and Tor the Us« of CmI 

Mining Studenii. preparing for Pirst-clau Cenificalct. B7 Caleh Pahklv, 
MiiiiHi; Engifioer Smil Surt=y_uf ; Member of the Morlh oflinElifnl IhstiluLe of 
Mining :Lnd Mepuhanical Engineers I and MeEn^icr of title Soulb Wales ffn&titu(« 
ot MLniiig EngiDGers. Wilh 700 i'lana, Di^gtira^, and 6lli«t I [in illations. 
FauTLb Ediii^n-r Rtfvi^^ and Enbirged, medium hva, ovi^it 900 pp. 
Sti-nngly bound .....■■•-. 1 £1 Gm^ 

SUMMABV OF CONTENTS!— GEOLOGY.— SaAaCH FQR COAL.— M1H8RAL I.HASHS 
AHD OTHEE HOLDINGS.^SHAFT SlNKINli — FlTTrili UP TTflH SHAFT AND SUKHACH 

AltKANi:KllHNT5 HTHAH JIOILEBS AMI THKIk flTTlNC^.- Tl HBHBING AKD WALLING.^ 

NaSKOW WoaH AHO MetHOU* of WORKIMC — (JNDEKi^HOUND CONVEVAStH. — 
DltAIJJAiiE.— THH GA5il5 JISLT WITH IN MIMHS I VENTJI.AT10N.-43N THJl FRICTION OF 

AJR. IN* MlHlL^ T|4E: PREF-^rUA?4 OIL ENl^lJdfif PETfitlLHLU AND NArTJRAI- CA^ — 

SlIKVHYTSO ANH Pl.AHMirKr,. — SAFF.TV J-AUI^ ANJ3 F:REDAUP DHl'HCTOHS SUMDRV 

ASU IKCIDKHTAL OPEHATJONS. AN]J ATPLIAKCEi— COLLI HRf EUPLa^roiMi, MISCEL- 

LABEOUS QURSTIOME Adn AKEWEHS, — 4ffeitaili: SUMUAHr OF REPOttT OF H.M, 
COMMIg£IONI!R!: ON ACCIUE^NTS £N MINES. 

" Jll. PudeIt haa DC[ Hilly ^rcii U3 ^ <Oai^KElCnS<V» rfrT^fCUCe IWDk or a vefv high unlar, 
dtdtdbJc to Ifafl iE.L|uijfl£D.Dnls of ielloijiij Eneinocn oiid ^oElitir JQAAagCtSi but hosi ikhiO prffvidcd 
mlrt'tn^ ^nudtuiQ With a (diu^Tbaiilc [lutl t5 a5 iiiTarc^li]]).'' d3 jn b^ iiuiinictira." — Ciiliicry Manatfj-r. 

"Mt, FaiDely'a worlr ii prniiiciitl]^ ^uitnt ro tha purpD5D An~wtiich II L^ tnlflncuid., facing cldT) 
IntETT^nff. ejihiiisli^ff, dtli in. iJcjaU, and up en date. icivioE dcairipLioni orjhe Ernest xoaclunt* in 
CTer> licpimnienL A mining en^incei couU scJircet)' eo HranE who TvllDwed ctiis 'ifQrk."^r0i^iWo' 

"T]j]i k the mchst cnoiiplrca 'aU-ruuiid' work on cc^al-ioSnbig jiubMied [n the Hn^lSsh 
&ail£UAft^'^- ' - ■ ^D libiaiv of cual-miidnu bodkfl ll complete withuul \\^" ^CoiiUTy EnginttT 
larruitDQ. l"a., U.S.A. J. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Compristog D Description of tbe Coal FLsLds, Mid ^f Ch« Pritldpol Seuns of 
CosJ, with Retiirns uF ihclr Pcoducc and itii Distribmion, and Analyses of 
Speoi^ V^ietieit. Also, an Acoount of tbe OcourrentK of Iron Ores in Veiiu at 
Seams ; Analyses of eact Variety; snd a History of itit Rise and Progte&E of 
Pig lion Maniifactiire. Uy KlCMARD MSADE. 8V0, clolb . . £1 81. 
"OI tbli Isoot w« Buy HJVieieiveflly say tii3.t It (-■ ft-i ben pt i^ dsss whkli we l«i«e»ftr 

uet. ... A l»ok Af rcrciEui^i: irLiith no <jn4 «tigas«i] In tfci« iion si CMl lisdH sBouid omli tiffin 

bb UbfUF."— Avi am' '^«'' Trmits Rarity. 

COAL AND COAL MINING. 

Byt^e laie Sir Wakimoton W- Smyth, M-A., F.R-S., ftc, Chief Jn^pcctot 
tif t^e Min-£5 of tike Cravm. ScvenLb EdiEioo^ Revised and £inJiirg«(L With 
uuKierciu^ I IJD&tralions, lamo, clotb ....... 3/€ 

"Aft inouUlnelE giiren of ewcrv known i:wi]<G«3ilIn this and oihcrLQuntries, u well as of ifao. 
principal niHlkads af working, che buok wdU doLibdcsi interest »eiy large number ofireadBn,"— 



ASBESTOS AND ASBESTIC 

Their Properties, Ocoirience, and Use. Ey ROBERT H. J-QKBS, P.S.A., 
Mineralc^gt, Hon. Mem. AsbcElDi Club, BlaM LsJte, Cnnndn. With Ten 
Collntype Plates and other lllusttations. Demy flvQ,clotii. [JUil PublUhtd. IfiJO 
" Aa^tcrGstinEaQtLiiivBluLbleivoTlL'' — CffUitry GaarttUsn, 

SUBTERRANEOUS SURVEYINO 

(Elementary and PrjLctical TrealLse on), with and without the Msgnetic Needle. 
By ThomaSi Fenwick, Surveyor of Mines, and Tmqhas BflKtHj CE. llltis- 

mtnl. tamo, el»tb , , , . , S.(6 



QRANITES AND OUR ORANITB INDUSTRIES. 

ByGaoRGE F, HaRres, F.D.S., Membre de la Soclifif Beige tie Gfologie, 
Lecturer on EconcTnic CeoloBy at the Eirktjctk InstitUliiH, &(;. With IlW 

trations. Crnu'n iia, clotb 3/6 

-' Acleu<y:aji(3 well-intae9]nKDiudfbipcnaa9BiiKiciidDrliilciciIiid.inthe imiilB Isduitry.' 
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THE METAIXURaV OP OOLD. 

A Prattk^ Treaiuc on ibe Mi-UiUureical TrcancicDL of GoM-hesring Orn. 
IfldudLne liM pTDCfiSU of Ccin<eflUUL&n, Cl^lariliaJii^, and Erba-ctJoa hj 
Cysjiidc, und tlw AAiKyin^, Mvlting^ and Refining orGoM. By M. Ressltk, 
Mifiififf £liginttt Aiad Mtl^hirgif^&i CheiniAt, formally A-isE5LiuitA.saa.yuor!ht 
XJ-S. Mint, San Kfancisco. Foirrth Kdition, Knlorctd. With about 1150 IMds- 
fraiiaOi iLOfl ftUiaGi<>U& t'oldinK Plafe£ and WErrkijig Drawinigei. Large CEcttil 
ava, doth- [Jh^i Piiifiishtd. T B^O 

" Tb Jl IraQk tboru-lif^LEY BlncrreaiLA Litic of a ' rimtliul TicatlK, ' The whrjie prKca i>f wBd 
ndlttaig. Infill tba bicoldikf af tbir tjmrLi t« tiac Bssay af i3ib buUion, Is deacnlvl In clear mid otJcdii 
nuntire ud wlEb uiKhrbuL out |em mutti, Mn«4f uf d«t4AL"-^£^^rit£aj' Jfnnnt. 

" Tlbe worfcl* itKuRhdute gf-LsUuniuKl'ra 4nd viluDblc ddU, and iwc slnpn^'Ly rrcojonwiiil U 
w all imficalaiuJ Den cosifol In the K^'M-iit'tAUiif UiduHiy."— A/uitrtf TirurFu/. 

THE CYANIDE PROCESS OF QOLD EXTRACTION. 

Including it^ Practical ApplicALimn en thi^ Witwnlf rsrand GdLJ! Fidii!* lti Soutb 
Africa, Vy M- Ei&slck, M,E., Auihop of "The Mptallurff^ oF tioM," fcc 
With DUerajTu «rtd Working DravruigK^ Second Edition^ RevE!%cd aod En- 
InrgecL Bvn, qloUL [/I'^J i'hb/uAjd. 7/fi 

"ThEi iMHik U Itiil ■hit BflA nptcdcd ■■> acqunJnE mEnbg rim *i[la Lhe ^^ ttjil H^ikineari 
fVDC^ ivlik.h L^ DL'i utLtv ilic IT o« jdipvliiT, bvt u. HI d ^i^Dciiil lult. [Lc lEitLi&i tufci^s^ Tgr ifai 

" Tli« iffi^rh wkU prou E unatiLalilH laaD niVBivqteit in gnld mining, vbpotlier mctal^rgiitft cr m 

THE METALUJRQY OF SILVER. 

A Praciica] TrraEisr on tht AmalgnmatioD, Roii«tiD£p and LijcivintJOD of Silvctr 
Oti», Including cb« Assavinj?, Mcttinff, fii^d Kdftnmg of Silver Eullaoji. Sf 
M. Ejssi-sp, Authi>f of *'Thc Mtiallurgy of Gold," ftc. Third Edilfon, 
Cr£>^nl3 fivo, datb 10/6 

'^ A pncdcBl tccadte, aiid m trclinkal York wliTcli we ere convinced kCEI lupply Klosf-fefe 
iraiiE: vjumfH pnmtkil tllctl, itnd «[ iElc Sitmc d:irie In of value £□ smdco-U and uthess ludbtcdj^ 
coimected urilh tb* liulusnlfts."— ^iwrnj JfaurHtji, 

" Fthhi fim tiil;isr ibc br^ok is [liun>LLgli]y buund rdKl reTfciEnle. "-— Cd^/pir*:^ &u4nfrJrR. 

" For chflnid^i:., pianlc;^ mkioi^, d&uycis. ^nd Etive^ion aJUte we do uge Ilddit of abj waA 

THfi METALLUROV OF ARQENTIFEROUS LEAD. 

A Practical Trvat)» on the Smelling of Silm-Linil Ore* and tbe RefininBO' | 
Lsad liullmii. lnoluiEing iRtpOfU ati vantu^i Smflting EstablLsbmenU am! 
Dcstripiloris uf T^Todtm Smelling: Fiunaces and Plants in Ei^uropc ind Anneiio. 
By M. EiSiLfcR, M.E,, Auiboraf '■'rt>EMeU[lurgyD(Gold,"&c Crown Svck 
4.0a )>p.r wiih [£3 IIItislxBtioiis, delta 13/Q 

" The riuiiieniusinclallUrEiEdl pIin^e^iKa, whll.-h ^K fVlly Uld GHIin^vtly IKBIHl <>f. Cflltnct 
■n tCw iTaeei enperl^ced In Ihc pu^iee uf ilic Icodtiuiu the rdfiw! haluRil !;tal» la IUIjiu«l»B 
tlie rcfinrry iti rni uriii-k <if cnujTin^rcp —-Prucr^ca!Eti^iiiepp', 

"■ Ttie picscin v^dutnc fuUy i.ijLinulnti cht ri^piiuitian of CiEaijthDTL Those irhDwi&fa taobt^'* 
ittmrOLi^tL in«ie[bl Inn tbe- prc^rnl ^talc tirtUhfe liirluuiry cBunci dc better rhan rFBd tbti rQlumen und 
aU mhijn^ -en^iUHn caciDLiF fail In Cad maiir LLKfiil lilnu and sriEfc^nni in li^"— /n^nji'^fj. 

ftlETALLURQY OF IRON- 

Ry H. BnuERlriAK, P.G.S,, A.R.S,M. Suth Edibon, Revised tbd EtildcSEd. 
THE IRON ORES of QREAT BRITAIN and IRELAND. 

Their Modt of Occliriclice, Age afld Origin, And ihc Mcihadi of SearohLDg: for 
&nd Working Them.. Wiih n Noiice of 5onie of the Itod Oiea of Spaun. By 
J~, D. K^NDAt-L, F.G.S., Mialnc^ Eneineei. CinWn avo> doth . - lG/0 

'^Tha lutbor bu a tborauEb pracdcal knowledge ariiUi subJecE, and fiAi ^pplrrmaited A 
ciuefuE n^id*- of Ehci ATaJlablc literature by unrmbllihcd IibforoiBllor. ilcnviMl (inni hi» dwtl nbscr*'*' 
tioni Tha rsull i>i 1 Tci:y u^fal uubmc, Hlblcb cajuioE foil to ttt of raluo Loidl liLCetotBd Eatba 
lntnliiidkmi|i0rthB cxmntiy.' — /WrMt^-tu. 
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SUBMARINE TELeORAPHS. 

Tteor Hisiory, Const ruciion, and Worlcing. Faonded in pait on Wy H^cirHM- 
f>nG:^P'^ " Tialti de T^l^gTi^Fhic Sou^-Msunnci " antl Cam piled from AuEh'^rila- 
live find EnclTisive Sourctt By Ckarle^ Bhk^ht, F.R.S.R. Super-royaL 
8vO| about 781:1 pp.^ fully Il]u5tT,atcd, iDcludinc Map^ and ruldine Plates. 

l/usf Pvhlishtd. Nei. £3 3», 

"There ure Few, If iny, periani marp fittad lo write- h treiitiiaB an subniBrlne rfl*iErariliy Hvan 

Mr. Clurlea ^ri^i. The aull-Lur hi^dane lib wrtrk B-lrnilratlv, 'HitI lut wrlneii in a Wni>' wlncli iiVlII 

appr^ u r-iLiclL Id ihp lj./nkRn u m ^lit vnhf.iieef. T]iLs sdiJJiir^ble v^uLunitf muv, fi^r many ye^rs ia 

EQEQe^ boLcl Eh? poaHiDn cf iIie- iiB.g|li?ib eLl^&ic dii ^ubtniriiiE \;K\v^tn\)'t\y."-'—Ene\7ieff. 

'^Thbi^ bnok Li; full ol InToiin.aLibEk, It lu^-ef ^ bDuk of rdrD-rencc wtitL-Ei fitimuld be Iq avtry 
ai^neer\ I1l>riiry.'"— Ajtr*-*-* 

" Mr. artjfrrE's lnTer¥5!ing[ty written an'l jdmLrabLy illu&Iniied. book wiTI mper uriili. a welcome 
receiHlcs. frona cable men.'"— ^^^»*rFfl*K. 

"Tha author dealf with MtsutijKT from nil pDLnU^^^ tIbw— pnlNiciC and ttfile^cnCns ■rell ns 
sdflDttfic. TtLc ncirk viUl'D ?f Inirnfit.AdtiDnly i^Enenof BdATTce, but tQ ihe:^Qflfi^^(ibbc. Wi 
cukstmTi^^ iGco-minicDd iXJ' — Alht^cirfT^. 

"The Hcjrk. cDntJna aKTCdtstqic of EdLilJb'lI iAfuc^AtliXL Ct'titcnkLue; tbc mikintf and voik- 
Ing'cf gubui-drine -teleETdf^hv la brmsui^ ta£cttt^:j the oioat -vaJuablE rcskius EcLktini^ La thx ci'tilu- 
liun af ikiG Lel^eraph, the authur E>^ TCDiercd a Hrvic^a thai will be very wideil) aj>prBcuited."— 
Mamiif Past. 

THE ELECTRICAL ENQINEER'S POCKET-BOOK, 

Cor^i^t^ng of Mad>em IRliLb^^ FarmulK, Tables, and Data. Sy H. R. ICbaipk, 
M.ln%t.E-E., A.M-In?iLC,E„TctJinJtal OfTiecr P^^tal Tirlcgmphs, Author of 
" A HaWldbo^k O' KJecmcal Tesiing/' " The itingineeT's Vtai'-BOTlc* " &u 
SeiTond J^dJEion, ihorouel^ly Revi»d, with Addi[lDr]5_ Witb nmncrou^ Illu^- 
Erations. RoypH ^^mc, <^Mvng, S?9-ibtr t t . . ^ . . 5^0 

"'ll <s lliB besi IsoDk of its kind "^M!ectrital A'tt^n-neer. 

"'Tbe Ele>i:tTlC3d Engineer'i Pocket- Jdcok \s j^ddI aaK."—fi'Itctr'ie{a9t^ 

■'Scrmgly rtcoDUTLetiJe'l ivj tho^e fin-jf^igfid UiUieelBCtrlojlmiaiiartHi.''— £.brffKAir/Amrini. 

ELECTRIC LIGHT FITTING^ 

A Handboclc for Working Ekccricft] £n^^rs, embodying Practicai Kotes on 
Ins-tallation Mnjiagcmeiit. By J. W. UhqUHart, EJectddanj Author of 
" Elccuic Liiett," £cc. Wiui numerous JIJuEtrations. Tbi;d EdiLlon, 
Kevised, wiih AddirionS- Crowo Bvo, cloth- (J"b' Fabinhcd- QfQ 

'^Thl^ vijlumi] dcuk ivLch vrhaE dia^- b« icnu-cd tlic iDcthaiiic^ of cEgcieTc Ue^dnE-, dad b 
flddnneiJ l*.* men <mh,B era Alieady FEEieafcd In tbc vrcakii arojo cratniiijc FDrlc Tl« vi^rk traftriei 
a»cjir deal ofyrtmnd, ancliufiy "bo road as a scquoL la thn ^ame authnr't iisofiil ■"□rk on ""El-ectric 
Lig[hi.' "^E iti-rricia"- 

" ^miTLcLtdy ixriicrical and invfid. . _ . Ou|fkl to be In the fundi of evoy oncLn ctiargcuf an 
eleciHr llEtic p'iutK.— Skcfriai I £tt£'iHaT, 

ELECTRIC LIQHT. 

liK Prodtiction and Ustj EmTaodying Plain DircciioTis for ihe TresLlment of 
Dynfuno- Electric M<u:t.iap&, Batteries, Ai:;ciiinialator&.t and E^tctric Li*iiTip5. 
By }. W. Ur^ctkart, C.E, Sixth Eiittion, Revised, witb Addmons and T45 
ll[u,-siEalEoti5i CraWD -ftvoj clotli. [Jfsi Putlahed. 7/fl 

"Tha whole ecound of eloetn^ lifilittUd' ^ mon ot l«Sd coroft^olid cxpLiiikcd b. a yery tie^t 
and ean^'L5Q rnoniiEi."— ^.'V^/ruaJ Jia/ie-aiY 

"A v^dt-TMtcum ur the taJienl facts caianetled with t^e science of eleclriic lifefM^."— 

"Voa cuinol lor your pnirpose hive a belter beo3t thui * Electric Uelit' by UrqufaarL''-^ 

DYNAJVLO CON5TftUCTlON, 

A Pracncal Handbook for ihs Usp of Eneint*r-Constnictort and Elecirld&rjs- 
En-Cborge. Embracing' Framework Buildijig, Field M&^et and .Armature 
Winding and Groupingp Cornpautiding. ftc. Waib Ex^mptiH of leading 
EnglUh, American, and ContinenlaJ Dynamoa and Motors. By J^ W, 
Urquelart, Authoi^ cf " Electric Ligbt, &c. Siecond EdidDii, Ea^ced. 
Witb 1T4 innutrations^ Crown 8 vo, cloth . . ^ ^ . ■ 7/6 

"Me, UhtUtdit'^ b^aQk ia ih-q fiiSt ijati widtfa dc^wiLb thcSc Ln^ttcEi i£. aucb a wa; tb&t the 
BDElncGiinK studeat cbll uudcntajiiJ tbam. The Lrcvk l& "VEiy icaddL'bc, and Uio AuEher Leads bia 
rmdcra up to dii£cult aub^ccts by leasuo^bLy ucupic L^sla," — £M£^-etnnc Jin^rof, 
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THE MANAGEMENT OF DYNAMOS. 

A Uacdy Book c^rTb^ixy anj Prnctiff ftn the Us* of Mecb ajiici , EDgineeia, 
Studenii, »nd oihtis in Charge of DynnmDi By G, W. Lukki* Patebsom. 

Wicta DumcToui IQustraitonc Crown $vc, ^lotb 3IB 

'• An. ■r«A.p]4 Mtilcb dBCTTS ID be akeD B i model ^DLheraulhian. TTw subjH^ iilfeited 
'feB A iBuiiur vhict inyinleilifal njwutw ts lit to li« Kitnuttd wtEh chdE^ of an engine tUoiLEd 
Ifm Btdtf fa undvAcafliL IE Lft ii Bofeil boafe le uD miia nuka, t«iil,DE flmploy el«c[ru: suehlnriy.' 



THE STANDARD ELECTRICAL DICTIONARY. 

A PopuBaj Encycl-apsfliA of Word^ Had Teririii Uv^cl ill the pFoctiizr LiF£]cctricaJ 
EnRBneermfi, By T, O'-CosoB Sr.OAfc^E, A.M., Pt.,D- Second fyiiion, 
with Append^' io dafc. Crown 8vd, 6Bd pp. . 390 lllustraLtion^t i=J(]l.h- 

"Tbe woT^luupunr ^Etnctirs fearuTVt In n, and is. twynaid dDiiibt, a bbU piU logriEi^r^il 
□cefuC pubUcatioiL Ttje- uucNunc iM ETHHind co««hiI marti«4£act>Breil&ani tite fuel Lbai inibv imlfLi 

above 5.EiGu nTinviicH vfU be TtniQiL -^S-ttfrit^l Jifiterv. 

ELECTRIC 5HIP-LI0HTIN0. 

A Handbook on ibe PTju:t[i3i] FiiLin^ aail Running of Sbipt' ElECtrlcaL Plosc 
For the U?£ ot Shipowners and Builiiors, Marine KleclrioiaFis, and ScoeE^ng 
Eng!nM[5-Ln-Charge, (3y J, W. OwjUKABT, CE. With ES Illuatmtion!, 
Ciown 3vc>, doilii 1 ... 4 ..... . 7/6 

"TheaubJKl i>f Ahip decliic hbfbtiGV is (file tjl VAal UDpwtaai^c, and M^, Urquhnrtui \tt be 
taltfblir cffQi^Jiiquilfii] birpl^Kiag 9U£h 4 wubUc wurk 4t the bbiwp □■ aboriiLaalcctritl^iii."— TAj 

ELECTRIC LIGHT FOR COUNTRY H0U5ES. 

A PranLicnJ Mandhook oil cb« ELreclio.i] nod Rinining oC SmaJI lastnllatiocs, 

wiih PanicuEors of the Coat of Plant and WorrkingB By J^ H. Knjgftt^ 

S«nHid £ditK», Rwued, Crown Svo, wrnpptrr i/^t J'vblitksiL ijQ 

^'Thnbool: nntidn wcedleiil mlv^ee md xoHivy prai^Ucd hints Eur eIid bclpof UiiKft vJu} vUJi 

u-h^E rlidf own beuteL"— ^ijqJAif^JVnrf. 

ELEMENTARY PRINCIPLES OF ELECTRIC LtQHTINQ. 

By Alan A. CampdkllSivintq^, A5»cist« I.E.E, Third E4Uian, Snla^etd 
and RrvUed. With t6 lUuMtatiors- Crown Bvo, clolh. . . , , 1/6 

"Amy one w1ka draire^-d ilian and Iho-ioiaghlv dc^i QXpOiiidcTL sflbe t1cEat;ntar^ liriocifiEBl vf 
riflCtTk: ^LghlJaE cannot do better lihuri rood ibis ultTo 'iroik,'*-='tfnii^n^ Obnrrvtr^ 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkiksoh, A.M.j Pb.D., Autbir cjf " Elemtnts of Static 
Elii:uitity." &e. Crow^ Bvo, 417 ^p., villi iso lIlastratioDs, cl-^ch . 10/8 

THE ELECTRIC TRANSFORMATION OF POWER. 

Wiib il£ Atfplicaljcn by the Electric Motor, including Electric Railway 
Construct ion. By P. Atkikso-n, A.M., Ph.D. With 96 1 1 lui trad oils. 
Crown Svo, ciBth 7(8 

HOW TO MAKE A DYNAMO- 

A Practical Trvaiiiiw:: for Amat^ur^. Containing tiuicivrOUft. Il]u:tliatian5 oimI 
Det^kd I fiswugtions Tdf Con&trucuna a SniuJE Dynamo to Produce (Ji? 
Electric Ligbt. By Alfred CsorTB- Fiftb Edition, Revised and Eixlar^pcd- 
CrowD fi™, cIotJi- 17""^ PubliihU. 2/0 

^' TUi> In&truirdoiit Ifiveii HtL tblzi. unprvEenHcuE litils boak are auilGciirmtly clear iindflipltdi to 
■nfltiie B-njr amatmr in«ctLamc posss^fld nil avera^ fkiU luid t^e uaiiaJ toaU Ec be tfouiid dn an 
■]nUflUf''i vorkvliop V9 liaQd a pnurtlcal d^Ttainc macbln*,"— -£i!a£rru-u)4_ 



THE STUDENT'S TEXT-BOOK OF ELECTRICITY, 

By H. M. Noflo, F.R.Bl Chcape Edition. 65a pp., with 470 1 1 liisCrationt 
CrpwB 9vo, ti\aih ft/O 
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PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preponng For Ejtamiiiation^i and a Bouk of 
Reference far Pir^^pns Kngaged in Kuildjiig. By Johc Parnell AllKK, 
Surveyor, Lfcturcr on UuildiTig Gon^iru-ctiun oi the Durham College of 
SciEDcc, Newcajtk'On^TynVt Second £4]Ur>n| Revised ajid Enl^^^n 
Medium Bvo, \^zi pp., winb i^oco ]lLiiatrB.tiD[is, cloih, {Jitst Pitblishzd. 7/4 
"TliG nLMt ccimpltMr cHprnidDii uf bbiEkUn^ CDn^mciluii vv4 JLirc ^r^cn. Ic rinLim!n& elU [h<iUi 
HKieaHryEa prep-ire HudunEt far Lhfl vadoa^ ciaminaEieiu in liuildini; €.cj\^KJvk^\l\:iVk."^^n-tidiHj^ 

"The LLithor t^epccids ncnriy aa niEich on hEs dlQ^iama a^on hEatype, The pofcs sirajjcfi 
the handflf A man df cxpciicnce in building op<?ration&--dii[l the tralum? mu^ l>e a tikrudtL^ tn 
[Dtinv tcachan a<i wcll^ [[■ 5ti]iJi?nl4r "— TAf Arvhittti. 

"Tbs -«Gik i^ h-urc la piovr a frirmidmUB riv^ to gTF.it imH ui^nll compditora dllkE, and 
tud^ fdlr loq^lkBJ peniLdDcni. plana u d. I'nvuuriie stuiliriii:'^ tr'l-bfjciL Thn. LiLr£G nirinttec of LtLiii- 
tTALnani J^KrHe |j3.n|cul:ii m^ndon for [iic ijicric mcHl ilicy piuacb tut puBpcrua uf* i«J«r«nc« In 
ei^icily CDrrespnnJLi^if todxivsnleni: ^^^^.''—yonTjtiMiii/'tluKajalhiJiiiuJtofMncisitjifiMiUtU. 

PRACTICAL MASONRV. 

A Giiidf >Ei ihe An or Stone Culting. Qiaiprkdng ihs CaQE.iiiiccL(3n, SeiEinR 
Oui, and Working of Slatrs, Girculai Work, Arche'^, Nithcs, Dumcs, Pendeo- 
rivcs, Vaults Trfl^*ry Windows, icp Sic. Fur the Use of HmdenHs, M-S^nSi 
and other Worlcmen. By WiLLiAM Rj Pukchasb, Building Inspecior to [he 
Bm-ougt of Hovi!, Sc»rnl Editi<«!,wi!h Glossjtry orTerais. RoyaJ Svo, 143pp., 
wilK 53 LiBhi>gr2.pbic P3ntc«, com^iisitig Qc^ly foo scpaxatf Dts^rams, 

cloth 7/6 

"Mf. PLifffhase'i "PrwcicJil Mnsoiirv" will undoubiBd] j bo found useful 10 all uiierefled kiL 
thlq ImpiMtant lubjcf^t. vheEh'^T cheortfllenJjy ^rpfjiETicaJl^. Moat of [3ia pxainplcs given are Ttuul 
ar^Vual wr>rlc Farrted olf, thp didj^uhs^ bd.f1^ carcfuiJ^ dr3.WBi. The boo]t il 1 pl.icttcat tteud^e an 
Fhff subjprr. thfr auEhov himselChnvlnL' r^emmenced Ds-en >i>per^llvB iiimu-n, ind afturvardQ acted as 
Torffrnap mji&an Qit rniny Lqtj^ UTidLm^rtajlt bvlldings pilnr to ^Ji« atTainmcnt of hic pnsent 
pmitiOiTi, IT sh-^Lil<i S$ roi^Hpl nf {^nara utUiry to 3n:Jntef:tiiTAB ^ttadrrLEji add arhsr;, as wall a; lo 
tlinsela •hC-til il ISipSClJjIy uliiiT-m^B^'—ymiraaliiftktgitiialliMafurtii/Bfirislt^rfliUiHU, 

CONCRETE : ITS NATURE AND USES. 

A Eiwk foi Arsliiltits, Buildets, Coriractors, and Cl-arki eE Works. _ By 
'Gso-flCra L- SuTci-EPFK, A-H.I.B.Ar ^^o pp,^ with rLiu:rierou& llliiBtr^qiannB. 

CniwD Std, clath 7/6 

"'Tlie iDChct lie«s s <}ifliCTlt subjen in a lLiri4 iTBimer, The imnuil fiHi a irnie-rtli ei-p. 
It il caHful and udiJuMiye i equnllj' vi*l'^ n a ^cud^fkl's .j^de and on «nhll«t 1 twat oC 
peftrmKE."— ymrTta/ jfrt* ^<>(a/ /liHtt'lft/ifrihii'c ^nhiUili. 

"TbcTB is roam lor tUii. Ccir' llMak, «U(r ifUI [li^tiibty In bruue Umt tL« UUrilaid iffide 
Mt tfam subjetl for a buildiu'a. purpDdt]."— trAuifva' UtraJd^ 

THE MECHANICS OF ARCHITECTURE- 

A Treatise nn A-ppHicd MbchfijiiGa.espsciaily Adapted !□ ihc Use uf ArChiCftcts. 

By E, W. Tahn, M.A., Author of '^The SticnLP of BuiMhg," ftc Seccnd 

Bdition, £]in1aj-ged. llflii&Erated wiLh 12^ Dia^aiDa. Crown Avoy claih T-/Q 

"T]ifibDcik ha very LL^fv] aod IbGlpfu] manual of aichi riicrLLTHkl inechiinlc^ and Be^llj^fiDnTaioft 

tii^cicat tD cnaLttc & naicfal 4nd poIn^idikLng ^udf^ni EO euti^u tbc pritKitilii^ Lcadni; upan thn 

niiiJDrity cf Siiilidbif prcibtcms. . . . Mfl Tom h<i^ addrrdu b; ihia vdIudid, la ili-n- debt dT 

pruduced foe [lielr ust''— T"Atf ffttii^cr, 

LOCKWOOD'5 BUILDER'S PRICE BOOK for 1899. 

A ComprebEHsive H^indbixik of the L,aSest Prices and Data for BuildcTSi 
ArEhitccis, Jingmeer^, nnd ConirrLctors, Re-constnicted, Re-wriiteiL, and 
GitacLy Enlarged, By Fhamccs T- W^ MillbHc Boo closely-prlnced pogic^, 
crawn Svo, clath ............ 4/D 

"Thi« bookit a-7ery u^pfuLLine, 3^d ^havld tisiii. 1 place In tverj Gti^Il cb^c? coaiieclecl 
wilb EliD l9LiElding.a]id an^nppcrinjj pirufe^iunt^. " — rtditslrijj^ 
" An BJiirnDcnl bLJok DfrffrEiiBiLca. ' — ArchiCr^t. 

" Tik lt& 910W dnd revi^nll iiiTm Ihiv Pricv Bnak u. irluE z witrk af thRs kLml should tw — comjirv- 
lid^w, relBablB, ■>eU BTr^n^i^d, l^jfLble, sm^ well bnunil.'' — Hriii<,h j(v£hiifr.r. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir WiLUAM Chamber;, F,R,S. With Porlr iLt, IHiucrationE, Notts, aad 

in RXAMIHATIOV ■OP GkHCIAM AUCHITICTU RE, by JOBBPH GwiLT, F'.S.A. 

K«vU^ ;iMd Edited by W. H. Lseits. M PlAt«, «to, clotlt . . 31^0 
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A HANDY BOOK OF VILLA ARcnlTBCTURB. 

Beln^ ■ Seria of Desijjns. foi Villa R«&ideiic«s ia vaiioos Stylet. With 
OoUine Specificiilimw (Uid F-itiinata. By C, WiCKfcSt Architect, Aatfaor al 
" llic Sjiiret uid ^Q-tven of England," £c. 6s Plates, 4to, hstlT-tnorac^G^ gi]| 
edges £1 11s. 6o. 

"Tt» irhote oftbi itoirni bMievirtentinf tllcirbtlTkKllto iroik of an ^itbtii; wtliitest, iuul 
they wilt prgfc verynUiiible uid sucresil^^"— -ffn^^Ftf -AVvsi. 

THE ARCHITECTS GUIDE. 

Bcin^ a TcAl-book of UA^ful IrdbnoalicKri for Architects,. Kn^inecrst Surveyors, 
C':ir[racicn, Clerkt oC Works, ^<c., fie &y Frederjck Kdg£r^, Afchit^tT 
Thiid PLdicion. Cro^wn 3vo» cIdIIi ■ ^ d ■ 4. h , , 3/0 

"At k <c)[I-F'-:h>Ji oI* u»cfi;l infufiiHtiun for or^hitEct^, ciLEiiveecsi aurvcyunt ^e.> it WDulCl I 

ARCHITECTURAL PERSPECTIVE. 

Th«^ whole Counc antl OpvrDlions of the DmLLghlaman In Drawing a Large 

HouK in Lintai Pctspictivc lUusiraied by 43 Fulding PUtsa. By F. O. 

rElft;usoK. Seccnd Edition, EnLarged- £vg, bciaTds .... 3/6 

"It iB Iht niiKt inlclUKJlikorilic tiealiwKQfi tfalt E]!|.Erai.[<<nl Eu3^«i:t Ili&E I lid-va ihbi wtiIl"— 

E- Ingress [iej.l. Esq.. Id ii« JtZ-S.^. yrunii!. 

PRACTICAL RULES ON DRAWING, 

For Ehc Qperative Builder and Voung SludeaE in Ara:ihitcol:iirc By G^OR^ilE 
PvNR, T4 PtalBs^ 4CO, bonrds. .,.,.,,.. y^jQ 

MEASURINQ AND VALUING ARTIFICER'S WORK 

(The Student's Guide ro iKe PraLcctce -of), ConEoining l>irectLon?. for Fakliu 
Dimtij.'^ioE]^. AWcBClin^ ibic liimc, smd bringiitg tti-c Qmanlllic:^ mro Bill, wii£ 
Tables of Can^l^nE^ f^^r Val^aUon gf LsLaur^ nnd far the CaJcul-a'Viirk (i^ Arctu 
ancl SoE!dil:ics, OTiE^Lnally cdiicd by K, Dobson, ArctiilrcL. WiLb AdidUiH:iJ)b 
t>y E- W. Tawn, M-A. Smb EdUbn- W\ih $ Pl^^s: wod 63 Wotxicuu, 
Crown Bvo, doth , , . . - j , . * . . . tfS 
"ThIsciUJDii will be faand tha mail camplcErr trtalLie □□ ttiE piiodplo? dF micuiiriiifuid 
Tiilulm^irtilicDi'a vork ilidt tta^rci bucii publubcd," — Sn'-i/drn^ J't'eoiit 

TECHNICAL GUIDE, MEASURER. AND ESTIiVlATOR. 

Fat lluifd'crs and SuTVf^yur*. ConiEtining TechnicEd DinectiD-n^ for Memnring , 
Wort an fJl Ihc Pualdlng Tra'Le&, CtJitij^ltf^e Speeijicatmrtf f^r H^?(i5es, R«^ 
and DrflinSj and an ^-t-^ Meibind of E.%LiTiLiiEin^ the paru of a Building 
coltcCEiveiy* fiy A, C, fiSATOtJ, Eighth t^Ltkn. Wu^tnoat-pock-EC sutt 
Ifik edges I/B 

'''I^Q buElderp orchitHX. skirvofiM, dt valiici ^SlduIIiI Ik wiihaiit hh ' &cntDiL"'— AHfVifffV 

CONSTRUCTIONAL IRON AND STEEL WORK. 

As Applied to Public, Private, and DomesiiEc Buil-dlngi. A Practiciiai! Trcmi^ 
for ArLhitccti^ Smdcj^Ui and Gmld-crs^ By F> Camfenj Crown B-vo, cloLh. 

[JvsV PufjUihtd. 3^5 

^''Any one *t:i wnna n bonk on Itoelw^fIc, k emptnyed 'Ln buildhiGb for scqrLCli.iDn3, toloiniu, 
«nd l)«iLiki&. iviU &nd tbe prbenc vuluEai^ iq \hs iuLrjiblE^ The author lUh Uiti latig snA vincj 
eiyaerjence in i-l4:i,i^LCit; tlil': clasa of »arb. Tlie i[LLi*;[n.[iutij hav4! th^ ch:Lrncfu i>r ut^r^cl^ff 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A GuiJr to the Arcbiicctj Engiittr, Surreyop and BuiWrti With an E^af 
on the Stniclure and Sgienpe o( Alodem BaildlngE.. Upon tlL^ Ba^U VftllC 
Work by Altrhd Bartholowew, tbarouehly Reviicd, Coirccicd, aud greatly 
added (a hy TBEPPmCK Roskhs, Ajchlteel, Third EdilinBi, R(;viae(l, Bvo, 

cloth 15'0 

"The wQfk iA Ean yjsW kikni*^ ^t> ne&d Anj receTDmendatl^ci inm us. 11 la one of the bu4s 
with '^lii^h ekM?iy yci^iif 4n:hiLM:t irjusi b« equipped." — AreJtittfe, 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, Wbai will it Qjst (o Btiild. Aiter, OT Rtpeir? A Pric'? Book for Uo- 

frtifiessictiB] PeopJ-c ra well ss the ArchJtfCtuval Surveyor ^ui Bltilder. By 
. b. SiugN. Edited )>sr F. T. W. Mill&s, A.R.I.B.A. Fourtli ICdittoti. 

CiiciwQ Bvo, cloth 3/,g 

''111 two j'«ar% It wiU repay Itj cc^a buikdEBd tiiaB aw."— ^jpU, 
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SANITATION AND WATER SUPPLY. 



THE PURIF[CAT[ON OF SEWAGE. 

Being a lirief Ati:oiiiil of the Scicntitii: Pritidpl*?. of Scwnge PuriflcHliaa. and 
Lhsii P[B<:lii:aL Applkauon. Dy Sli.>KK,v Ha.hwi.'- :£, M.D. (I^Eid,), M.R-CS., 
D,P. H. (Camb.), Fellour of ihe SflDJlaj-y Inaiuule, MeilicaJ Officer of Health 
lo Ihe Serbysbii't CoiiJity Cv\taul. Cruwn Gvi>, ciMtt. [Jiut fiKUitluii. S/O 

" ' WJiit piocess ;3iaU we adapt fa punry pur eaws^^ I' Tliiii c^Lief^tLrkn has nreXy IvB^n T"^'itHl 
from 5*1 many point 1 M nfF in finsVmle, Tliij'vi^i'i^i-B: iMmfVtii pru^Tlcrt Piinift whicb sSbw Ilie 
inttmate k!io«l*j(ip> x\m HHtfior h-is of (ili Mjtijwl." — 7it( fiHffwwf, 

"W< kDAwalns book aFUia um* dit wbkb el>« » c4Dipl«lc uul iceunce aa leHnutt u^ 
inc |>rlnclpI«»rEtwiig«|^ij££UisB.''— TVuAriUir. 

WATER AND ITS PURIFICATION. 

A Hai^Jbook for \.)v! U&e of Local AutTionBLBB, SoniUiv Oi!ic«rs;, and others 

LntercsKj in Water Supply. By S. KiDs:jkV, D.Sc Lend., ¥.\JZ. With 

nuEiierGus rilu^^traEian^and TabW^. Crown Eva, dodi. [Jmt Published. 7^6 

'^Dr. Klilegl'i book it both Imct^ciiie Rud 4cciir^lr. 4nd cunl^En^ a most ugeTiil r^fu/fi^ o( 

thclatcsr kii-riwli^dBic uEwn cha ^ul^jircc ofh^bn::] [i irc*[?. ]i uu^flic T« he uf aeeat sen'iceiu all *fl:o 

uctcnnccicd wlcli tin %ui>plr-i>f Tutcr It-i doiii-citsc i>c uiiiaufactunJiy puTsWftes."— 'TVrf ^ic^in/fr. 

-"DcallTie u c!e4rE> a« lc doos n-ith ihi? ronoiiii lainbicaiifmi or ^uch an LmjioniHEiE aulijrci as 
W^Cvr ami it9 pUFlfij:3.liun in mj.y Fit UJniiEy i^cfuiiTnFniJetl- E-dciI autJioHl^c^ iili-J aU tv\giQpd m 
■lanlidiy zGT^r, auA aiticis lincT^^icd in vjter suppljj, vlU rend In p^gn wltJi pvafa/'—Lateewr. 

RURAL WATER SUPPLY. 

A Piactical Hflndbool: on Ihe Supply of Water and CdpStruClian oE Water- 
works for Siiifll Couniry DbtrlcL^. By Allan Gbkemwkll, A.M.I.C.E., 

andW, T. CURiiVi A.M.I.C.E. Bcvitd EdiUon. Cniwn 8t(i, clolh 5^0 

"^'c canAEicintiiiuAjy rccunjineiid iL ^i a very u^vful Iwok I'.ii thuM CVnC^n^^d in ^^:t|nlnff 

waiCr for 5]]ull diatract^i iriTint; a ftTU-ii diiJlJ of prutnc^ |]ir^nD[LlJt>it ill a &iDiUii:DnipAiL&" — f^Mtl^tr, 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By WiLLiAH HuMSEH, A.M. lasL. C.K., and M.lost. M.E. Imp. 410, half- 
bi>Ufld murcGua. (.SeR page la.) .^if' £6 BS. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATeR-WORK3, 
By pROPEsaoK W. K,. UtiKTOJJ, A.M. Bnst. C-E. Seconil EditiMi, Revi^ied 
»>id Ejlcniled. RoyaJ Sro^ tluLh. CSirp^eg) 25i'0 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Gaids lo Sanilary Practjoe Hiid L4W. For Mijlical Officers of Heallh, 

.SaJiilary In*pcclt"rs, Meiiibcrs of Sj-nitarj' AuttoriLieB, fiic, by E.DWAKD 

F. WiLLdUiiHBV, M.D. (Lond.), &c t" cap. Bro, clolh . . , . fiB 

"A liLlne-jfCuiiJcns^ infiJIuatiiiu Of-i l>tffln4ill S1t^ ^sefyHtlna on the varlnci; SLibJWB i.f 

whkli ft ILnatb. Tlio matlcr accnis trj hlvt t-.-cli iiJi^full)- !Pi]l[iU«'S -10*1 nn^nB^d lot facility r.l 

itlciiMu:!:. and it La xcU illii.'EtialEd by dl[>L,'iBnili ahlJ »0^d«uU. The dlBCICnt Fubi^C^ an> 

tuLLbnct[^ tjut fully and ^^cnJili<:iJ])' deoll iyi'L]L,"^/'Af XanrfL 

SANITARY ARRANGEMENT OF DWELLINO-HOUSES. 

A Handhouk for Householders and 0*nen of Houses. By A. J. Wallis- 

Tavlbr, A,M.lnsi.C.R. Crown 8vo, cloth B/B 

■■Thii haak will be tiiEoly read 1 It will tt *,r«115ll3tri,bl?!Brv1™ to ttiB puMe, II Is well 
kFTHjiecdi easily je.icl, mA rnr Ih<i[kg5t poxt dortjid of ic^hiJcaltfrini." — £4H^V3^ 

VENTILATION. 

A TtM-book 10 tbe Practice of -ihs Art of Venrilaiios Buildings. By W. P. 
BucHAN, E.P. Crown Bvo, doth ........ 3JB 

PLUMBINQ. 

A Texi-book Co she Piacllce of the An or Ctofi of the Plumber. Bj W. P. 
BucHAN, K.P. Seventh Edition, EnJiu-gcd. Crown Evq, c'otfa . 3f6 

WATER ENGINEERINO. 

A PiQCLical Treatise on the MeasnremenC, Stotage, Conveyance, and Utilisa." 
(ion of Water for ihe Supply ftf TowDi. f™ Mill Power, Blid fm otlier PurpoMs. 
ByC. Slacg. A.M. Inct. C.K. Second Edit ion. Crown Svo. cloth . 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles SunoQi A. M, Insl. C.E, Ciowft Bvo, cloth . , . 3J0 
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CARPENTRY, TIMBER, &c. 



THE ELEMENTARV PRINCIPLES OF CARPENTRY. 

A Tf*J^U** <™ Ibe Pressure And Eqiiilifiriultl uf Timber rrajiiLriig"^ [b-e R-p^ii^t^nce 
of Tunbei, BJld the Construttiun of Floors, Arches, tiriJgcs, Roofs, Unidng 
Iroo AKd ^tQHQ wiLh Timber^ •fee. To which K added rd K^^ay -r^n [1)^ K^Ure 
and pEoperties of Tiinl>cr> St., wilh DMcriptiiKi! nf ilic Iciuifs of Wood nsed 
in. fivildjng^ nU^ nurn^rciu Tables of iliE ^cHntiiD^^ of Timber fot diAcreal 
puqxaes, the Specific Gra^-iiitsof Malcn'ali, St HyTHOsms Tkedcold, C.E. 
With U Append!* of Siwciriiene "f Varioui 'RooU ufjren «itl Slone, LUui- 
DaUrd, Seventh EdiLion, tbarou^hlr kcvesctt and coii&iilerablv ^Eolarg-ed b^ 
E, WvNDKAM Tasn, M.A., A<t;liiit qr "Tlw Sdencc ■sf BuLldtng," fte. 
Wiih fii Ptatcs, ForiTail of the Aiiihor, and several Wocdcucs. Ira One targe 

Vol., 4>0', clotb 26/0 

"Ou^^i 10 hf tn every ucblteefs nrd evsry buQdvr'.t libnirTr " — Bi^fjier- 
"A iFork irbota menuiDam eii^cllencc muw cpnuwn4 It wIiCTever sIcUftiL cstpeticry is 
crwcBiaed. Ths luibQr'i Cirtitdpl4S at nUitt e«i^vmed Uian inpured br time. Th> additiniial 

WOODWORKINQ MACHINERY. 

Ht Ri^r Pr<>gT'e^^i and C^n^E^u^TiiciD. Witlk Hioit od ih« Mru^agcin^nt ofS^W 
MilUond [he iLconotnLCal Conv'eiTiioti of Ti.mbci. I Utuatraced wiih Ejnomplci 
(rf RkmIM Dewgns b7 IwJ'ng Enslisti, FrtntEi, and Artimcan EngiUMrs. By 
M. Powis Balk, A-M. Iqsi,C,E-, M,LM.E. Stcond Ediiio;i, RcvUed, 
wiib lairRc A>J.diLir?n^ 1ry-s« ^own jjv^, 141? pp., c)oU) .... O/Q 

" Mt. Eule it 0L'Lr]uTiiJy jik ej|j<7Tt on ilto tuLrJcLT, und he h^b cDllnctDd 01 mucl] InfurmUJan 

tbaihb: Iwwir is jCl-tuflscLeriJ fiip tiuilrluRainl.ottkEiinuuai^cJtn ihoizu.Q.vepwjnorEiintiar.''— >rc*rfAit 

"Tlu muti fiun|>futieiL-(aiv .EomtioailjiLiD nf wiriul-wurtED^ macKiaery W4 luva sbed, T^V 

SAW MILLS. 

TbtJr ATTnngemcnt and MnnaEemmt, and ihc EcoaoJufcal Conversion of 
Tim^. By M, :t>gWLSi Bjlle, A-NT-InKi-CE. Second tilditior), Revised^ 
Crai-ini Bvo, doih. [Juit P]ibliihsd. lO/O 

"T\aA^rtn*UitratM/v»^fQ U^b -sa-winf cstabU^ilimcdl [£ fisCu^Scd, and. the suljjct:L eziuiinfrd 
fhiEna lUioiachril ^jnripoJJiCT Hcuee the i^o^ ibaur onJar, aad dispotiLlaD uf uiw QiiUsaiid the Uka 
dTo CDDG Jniiit In LlamLL anil the coims gf thD ttmBflj La traced fcota its racepttoa tu it> di:l(VBrv lalu 
CDDVDrtad itAEfl, %Vd could dgK dciin: l mtjna com^lvtc or pf4ctic4LtTCiUUe,"— E^iJ^L^ir. 

THE CARPENTER'S NEW GUIDE. 

Or, Book of Lini;% foi C4irpcnt«s ; comprising all the Klcmenlary Principle* 
essencial \o\ acqulrlmg ahnowledgre of Carp«nljy. pDUEided on thelal? PoTEX 
NiCMOLSON'ssiiuidard work, A Ncv>- ELdiuon, Revised byAKTHVRAsts^iTBk, 
F.S.A. Togetlicr wlih Piacdcal Rutci on Drawing, by Geobge Pthe. 
Witb n P>AUs, 4ii>i c^Lb £1 la. 

A PRACTICAL TREATISE ON HANDRAILINO. 

Showing IVew nnd Simpl? ^fel.bold!; for binding ihc Pk<ih of cbc Planle, l>rawing 
the Moulds, Et^clling^ JijijjcingTup, and .SquflT-ine Lbe Wrcaih. Bf Geov&c 
Cpi-i^j:^^^, Secanel Edidon, Revi^nl and l^nloT'E'pd, to which U Add«d 
A Theatisb on Stair.-huii.ding^ Wiib Piatca atiU Di^kgioms . . 2:/8 

"Will be Rmnd Eifpracti^d uliJJtyinl^enKutiaAafLliudJIIiEUk'br^ch □fJtJULcry."— ^WWcr. 
" AbrLOii-l eTcry Hi^ult ptiaac ai thlf H>jiiew|iaE -buji^b briu:Li:l.Df Jalikery is biicLilAlad b]r 
the aid of pTatea udejipUiialoiy ktlcrfCHL"— J^^irf^rv^iuipfif. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A PranicE] TrcatiK on CiTculai Woik of Singlr aiid Double Cujvaiure. By 

Giohgb CpLUN<is. Wgtb X>iagfimis, Second Editipo, ismo, clotb . 3/-B 

" An cjtCEUent cjampla of wtiat a bopolc ot thb kCad ihould bo. ChcLp lih pdicB, dau la 
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HANDRAILINa COMPLETE IN EIGHT LESSONS. 

On ihc SquflTd'Ciit Sysiena. By J". S. Goldthohp, Head of Emlding 
DeparEin«T3t, Halifuc Tocbnicni Scboo^t With £igbt PUtos Mid over 150 

PrsciicaJ Exercises- nlo, doth 3/B 

"l-ikdy tahr arcDiuidfnablp Fobi? [a JMnniis aniL Qtheis vrho taltc 1 pdde !lrL enad irark. 
TJieorrangcrnenr ciFtliDTmok b eicpIiBfU, WnliDasdly Ennunruid it tg Tnactiwn and KadmiQ-' — 



TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing Kew and Copious Tables nf thft Rfcjy-fad Weight anJ MwMurt- 
mcn^ of Df^U and BaEIus^ of all aizes, isom One ta c Thousand S'iece§, and 
[be re-laLive Price lint each sIr beM-s j>eT Lineal Pi^^i to any given Price pei 
PeCersbuiijh Standflr-d Hundred ; ihe Pike pet Citbr Fool orSijiiarc Tiiiiuer 
M any gi^en F/lc« ^ Load -of 50 feel, &c., &c, By William D>o\f:iiK::, 
FourUi Ediiioiir Renscd and Corrccltd. Ctown Bv.o, doth 3/0 

"We PTB gl'ldlD $ve i. fauTth edjEiDD of iBesc diJiolrBbla tiiblG5i trbii:]] tow ccniDctDir:^^ anil 
dmpDdty DfarTaiig'enkenl kaTO uaEliing to be dcsirptL"— 7V™^r Tradej ^ottmal 

THE PRACTICAL TIMBER MERCHANT. 

A. Giiide for ihe Use of iJuilding Conei-ECiurs^ SnrveyorSj Eualders, &c-, 
comprisinE useful Tallies for -ill purpows connected w'ttix the Tmlacr Traticj 
Mar^^ pr Wi^od^ E^ay on [he ]^EFenglh of Timber^ KemiLrk^ on ihe Growlli of 
Timber, &c. By W, RrcHAacsoi^P Second Edition. FcapLSwOo cLoth. . 3fS 
"ThisSiaiaiJj-manuaJ coatauu niiicb Tidujibln infi^rnukLbn fur ihe use dT tunliej mcn^ljnnti, 

buildcrE, ri>micr3. und ^ olikeri ooiiiiKicd vijth thi: ^utnh, »^e, Bnd m^in-uracturB dF uinbtr."— 

!jFoU run I of f'lvAsdwy^ 

PACKING-CASE TABLES. 

ShowiHg the numTier of Superficial Ftet In Goxci ur Pocking- Coses, from iix 
inched iqiiarc arid upwards. By W. KicMARDSO-N, Timt'er Broker. Third 
Ij^diiion. Oblong i'lj clotb , . . - h . . . . S/8 

" lEiviiIuiib[etnbQii'';^Bvin^ uTiIes,"— AvwiwfH^ff, 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tabic* calciiliatcc! from i to boo inches in length b^ i to loS inchto in breadth. 

For the Un^ oT AfCili([&rEti, 5 "U'^t^'^^f ^j EngmeerB, Timber Merehfi-tim, 

Builderir &Cj ByjAHES Hawhikgs. Fourcb Edition. Fcap,, cJoih. 3/S 

"A ufrcfuL coUccDdh uf Inkhlen in T^dliUtfl rap^tl cAkitlaldon af sikdHcoa, T3ie sfiani bjca nf 

iULyaurbcc of rrUc^iha. limits liavfr been aMcrtaJiiEd con be imatrmtly i5eteTDiined^ Tha \iaak will 

In fokind aTthnfmotcat uiiUty Ea all EneaCTEd la fauUddoffGjkitrAEkFnib''— ^cGV^nndPL 
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PRACTICAL FORESTRY. 



Its Btaring on Lhe Irnproveiue-nt of K.sui«. By CaAHi-ss E. Citrtis, F.S 
F.S.S. Second Edition, Revi&ed. Crown Biro, cloth. [Just Pabiiihtd. 3 



-I., 

3/6 



THE ELEMENTS OF FORESTRY. 

ncriisLierJ Eo alfcinl Ind^ciTmntion cDnccimne; th-c P]anlin|r an-d Care DTFomt 
Trees tor Ornament or Profit, with s-yggeEtlCiK HpOli fbe Cr«aHon and Care oF 
Woodljinils. By F. B, Hough. Large crown Svo, clotli ,. 10/0 



THE TIMBER IMPORTER'S, TIMBER MERCHANT'S. 
AND BUILDER'S STANDARD QUIDB. 

By EiCHARO E. Chandv- Compriiing : — An Analysis of Deal Standaiiis, 
HoJUe and Foitig'tJ, with Coiilpaialive Values and Tabular Arrangonent! for 
Sxing Net Lanriied Cos on Baltic and Norih Amcrica-ti Desk, incliiding all 
intcrmcdiiLlc Expcn:^c£, Fr-cl^hl, In^uranctt &c. ; together with copicru^ Inforin:!!- 
tion for the Retailer and Buililer. Third EiUi ion. ismo, cloih 2/0 

*" ETHryi-tiin£ El pfotcndfi ^rc: l>Liilc up ^adu^v. it hiads one trom 4 tnTot In 4. treenail, 
■md ttirowi ul a& m iiukeivDiRbl h hem of rnaterinl cDikcnnlnff ^^cki. culninnjis ctaernft. drc'o 
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DECORATIVE ARTS, Ac. 



SCHOOL OP PAINTiNO FOR THE IMITATION OF 

WOODS AND MARBLES. 

A* Tnughl ajid Praciked by A. R. Van hkk Basr, and P. Vam dee Bvhg, 
Dirct^ort i>F ttkt KollerdaiD pAiaEing i ii.^ti.tutio[h- Royal foliOi iS^byizSia., 
ltl,Ub1r9.led with 34 fiill-iijc ColouidS £'Ja[e£ ; aisa 1^ pl^in i^l^tle^ coinpn&rng' 
1J4 Pigum, SccoiuJ and Cbca|>er Editlan , , . , £1 Ha. Oo. 

USTOPPLArnS:— i.VARIiJUETOQLSREpUKi.EDl'Oll.W'OatJl'AIUTcrti.— a.3.WAl.PH.'Ti 
PhaUMtNAKV STACBS OF CrRAINIT'i: AND FINJSIIIID SPECIHEK.— «. tOCILZi USED FOR 
M«)ini.e FAINTtNC AHn hfETHOO OF MANiri'LATlOK,— 5. i ST. BEUI HAE»I,Ei 
EahI-IFK OI-IlHATIOMS AND FIWISHED SPP.CIHIM. — 7- MF.THrjIlS OF EKETCHrNG 
DiFPESEKt GhAlNS, KNOTS, At,— a. 9. ASH, FREUMINABV STA&RS AST) FINISHED 
SrFClKE?l,"ia MfiTHOnS OF SXETCHINC MABBt.E r.RAlNS.— II, la. QKECHE WAtlBl.Bl 
?aFI.H11H*Ky StrtCfcS OF WORKING AND FlNlf5flIir- SPBCIMP.N.— 13. M*1"LB -. MBrHOOB 
(IP pjtrirn'CINr. thb Dil"PEftfeHT GftAl«S.— «, 15, UirtuB-EVii MAj'Lt: I'HttLiMiiMJtV 

SHrJtS AKU FlNI^^KBT) ShBeillKS.— ifl. M b 1 HODS 01' SKErcMlirJl. TMIl DlKfEHENf 
S^-JICim -HF WHITH MARHLEL — 17, Ift WH [ 1"E ^^AILIHLE : PttBL]rt[INAKV HTA-GliS Ol' 
PVtiCIIIf^ f\VD FlNISIfli.1) SrECIftfBM— 1^, ATAIICX^ANV; ^PRClUSTt^ OF VAKIQir^ l^RAfN> 
AMP MUHOEIT CIF MAKirULATIOr*. — ». 31, MAHOOAKT ; RAHLDEK STAGSS ^NH' 

Hnr-HHn sMi.ciiiHM.--i>. sj. 04- Sienna HAHnLB: Vakietihs of Gblain, Prf.limikabv 

Stac-.H* AWD l^lNISHHa SPHCIMHN,— BJ. Ml. HJ. JUMIFEB WOOD; METHODS OF TUtl- 
tDVCISC GKAIN, Ad PXBLIKINAKY STAGES AND FINISHED SPECIMEN.— M. 9a y>. VHRT 
nn MF.il MARHI-H; VARIETIES OP CRAIM AKD METHODS OP WORKIFK;. DNFIHIJ9HED 
AHE> FiNISHPJJ aPHCIueni^.— Jl, 39. n. OAK ! VARIBTJIE^ OP GfLAf?r. TrXIL^ EjirPLaVHDi 
AM3 METHO'PS OP M ATilpaLATIUM, PRELIUINARV STAC:aS ANU E^IMI^EJED SPECIHEH. — 

SH 3!. J*- WAULSoaT Mahblej Varieties of Grain, Uhhihishhd and fihi5HH1> 
P11L1HI1M&. 

" ThtMB who doiln to truln ildll In Ihcnrt orT^airLEinE vocmIi nni] marblei ivD1 fird advantage 
In coiivuliiOEltibboalL . . . Soiacof tho Wcirkui£ Mdn'i Guku ihouM fire cbck ycuLne loai 
LIIQ apportuntty Id Itudf h.."'-B?*i^dtr^ 

"A CDniprvhmmfi ifurda to chB Art. TElD eipUnKd<uu oi the [H-DECi-iW<s.<hHii:LiLii.l^Li]jitiol] 
jml ni:in3g'enL#nc Qf chn colon ra, inct the bEfludfulSF EKrculfid. pklBs will not lie lite laa.^ viilLllbde (Q 
thq iluilEaE wtiQ Atmt ax m^lzliig NU trark 1 faalJifiil IraiiKiipt afiuturE."— .SiuVifivrp Nnoz. 

^'SmrlHiil^ >inii DDP^L^TTA ^LlB fDHnjiute 1*110 are llUe id Ih:odib Iha pounmiQ of 5D' nable a 



ELEMENTARY DECORATION. 

ACulde CD ihp Simiiler FoitiMorEuBryday An. ToEetlierwilhPEACTtCAL 
HOUSE DECORATION. Bv Fft-Mfci W. Fachv. With i.u luctoiis llliis- 
ireut^^nt- Ipi Qne VdI., strangly balr-'bdUiid fl/O 

U0U5E PAINTING, QRAININQ, MARBUNQ, AND 
SION WRITINQ. 

A PraclitBl Maivii;il of. Rp Ei.i-ts A. DAViuaov. Sevi^nih Edition. Witfc, 

Colourl^J Plnt£.-i and Wtrod Ergra-vin^s. lacna^ cJotb bijardfi . , . Q/O 

" A maia uf EnEGCUb;iLji>Li of l^k la the aiontflUf oci uF v^lue In Lliic p-nLttii^ nuck" — SrucSjA 

THE DECORATOR'S ASSISTANT. 

A Modern Ouide fnr Decocalive Artists and Ajnateiiri^ Painters, \t"rilpr*, 
GiOdcrs, &c. Cuntaining upwiirda of 600 Rcccipis, Kules, and Insmiciions ; 
■witt a vari^iy ff InforoiaLiijn fair iQlener^ Wi^irlc gijnnecteii wiEh every Ci^-u »f" 
Interior and Exterior Hccoradoiis, &c. Sevcnlb i^dilioo. 153 pp., ct- Svo, I/O 

" fuU aficceipKa of -value ta Eitccamar^ pUnfurB, ffUdtrc* \c. Tbe book nantaJm Uie yliE ol 
LuEQf trcaiiina an celaur cuid tJ^buk-iJ prueeaiwa. It WDnlrl be ^iflieutt Lo meet Hn-lh 4 wock so TLitl 
ofrvicd.Ltifrjnraatttja Dd Ua pAiiilei'aBit."— ^Ki'iUivff AVibt. 



iWARBLE DECORATION 

And ite 'lermLnol jgy of British tuid FMMgO Mwbl«9- A Handbooll for 

5ludt;ntM. By George H. Blagrove, Aulhor nf " Shoring and its. Applies- 

litn," &c. Wiih »a Illusiraiimw. CtoWM Bva, dotb . , . , 3/B 

"Thii mostujelul Mid irucli wanHnl hanclliaolt iJiauy be in ttip Uaiitaot BVWTjirc-lillKlAnil 

"Aunliillji anil usehiHiy nMmtiHHH ', Uiswcirli Is BBwutallr pnaleiL"— Jnuiwmi, 
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DELAMOTTE-3 WORKS ON ALPHABETS AND 
ILLUMINATION. 



I 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIEVAL. 

Ficpm ihe Eiehih C«iturf, witfa Numeial^; indudin^ Gothic^ Chtirch'Tcxt, 
J^j-ge ind Amall, G^J'is.as, lull&n. Arabesque* Lnitlals for lIIur]iinMJi3<[i, 
Mono;eraiii:^, Crowes, Slc^ Sjic, for tae Mss of Archlicctuial and EngliLceiing 

Hngravers, Carvers, &c., Stc CollecLed and En^aved by F. DELAMOiTSn and 
printed in C-altniia. New and Cheiipcr Editidn. R«y£j 8vd, cbLding, 
Qm^mr^niJi] boards . - . . ..-...- S/fi 

□wrr ^hcp-iloon. wtia leHEEr church n^ villi pithy scncancia fioni the DirCiJrjgiic, ihls boaScivil]^ 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

IndudiriE German^ OM EnglUh, Saxon, T^ic, Perspcciivc, Greek, Hrfircw, 
CouiL Houd, Enpoashng^ Tliscod, RibEmd^ drtLhic, Rustic, aiDd Arabesqise; 
wjih. tevcraJ Orlgina] Designs, and an AnalyME of ihe Roman s.nd Old Engll*^ 
Alphabets, largt tj:\d sniatl. and Numttals, for the u-st of Drang hu^mcn,. 
Surveyors, Ma&ons, iJecorative PainLers, LilbagrDphars^ tngraversJT Carvers, 
ftc- Cullcclcd and Engraved by F. DelamottEi and prmud in Colours- 
New and Cheaper E^dilion. Koyal Svo, oblong, ofnajnental bo.Qird& , S/Q 
"Tlicre i*; cmnpinmi 'in it -e-vtfry pcn^iWe ilsap* lulo whtcb tlie lertflrs nf th« alpTubel aiiJ 

niiiFienls tm 1-? r^mied, ^eilL lJip i^lenc wlLii:li ttu been oKpend^ tiL lliv tDEiLetiEioh or Elia varlcufi 

pliin dJid DrD^auonl^ lellei^ Is vamli^rfuL" — Swndjf/i. 

MEDl/EVAL ALPHABETS AND INITIALS FOR 
ILLUMINATORS. 

By F. G. DELftM-QTTE- CoTBlaining ai Plates and lUuminftled Title, ^hitcil 
inGoidand Colours. With an Inuoduction by J. W11.L15 Itnooics. Founh 

nnil Cheaper EiLilion. Stnall 410, omamcniol lioiirJa .... 4JO 
"A v-o-luiEke in nhlch the letten of Uts 3lphjibf< corne ToTth gloriticd ia g^-linc: and -aJltha 
coloun nttiit pri^iii iattm-civcn and tnEc-n-iiincd ani LntcrmlrLgleE]." — Smi. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a BiLdimejitary Treatise on the Art j Praclical 
l]ireiiLian& for it^ iilEerr^L^^ and Kkainpltg. taki!ii ^m. tUunnioikLed MSS-, 
printcrf in Gotd nnd Colours. By F. DELAWorTEij New iind Cheaper 
K-^Uian, Spiflll ^['?y flmarnflriifll boards ,,-.,,- 6/0 
" Tba ei^nip1i!< of ^nciuLC MS5. n?cDminBnd'Fd la ^e Student, wblcti. ivlCh much good irn^ 

The ai]tbnr ch<rti-.(<!& Fram nnUHitinn^ .mcEssiblp loaiU, awe scLiMiad wild Jud^^ineit ^nd IcnowLed^a u 

well j& tJK^.'^~AtJien^u3Pt. 

THE EMBROIDERER'S BOOK OF DESIGN. 

Co-niaining Initiafs^ Eimbkms, C^rpliersT Mcsno^ams, Omampnia] Eorders, 
Kcdesinjitiic^ D^vice-^, Medieval ajid M<Hieirji AlpliJibcu, and NatiunJ 
Eaiblcms, Ci>Uci^Lc4 bp F< De;i-amqtt£, and piinL^d in CoIquts. Oblonj 
royal 8va, ornamenEal wrapper ...._..,. i/Q 

"TTicbnok wlUibe af grc^I aaaUlBUce Co kuU« and yuuni chjldren who bjb Endiiviid with 
Llic vt uf plying itkC uccdlc biihia tiHismniAmcnr^ andii^crul pretty viJf\L."—Jlait Atig/tajt Times. 



INSTRUCTI0N5 IN WOOD-CARVINQ FOR AMATEURS. 

With tlin[£ DE Dcsigp. By A Ladv. With la Plains. New EJid Ch^p^r 
£dmon. Cruwn Sv\j, in embleniatiiz wrapper ..,..- S./0 
"The haodicraft cfihe wooi.tirver. » *tll as a book con UnpHri It, may be IcajnC bijra *A 
Lady's' publlc-tnon,"— v^J^EHtn^ffl. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John iTiMBe, F.S-A. Ingludiag 
FreKD, Oil _ Mosaic, Water^Coloui, Wnter-Glass, Tempera, Encaustic, 
MioialiLre, PainEiskg on Ivory^ Vdltl*^^] P<?tt{!iy, E^nmEisl^ Ulas^, £eCi Fifth 
EUiitioD. CtoH'n BvD, cLotb G^O 

%* Adopltd ai d Priu BKh at South Ktiaitigten. 

" Much may tn louncd, even liy tikoso wbo fuirv Ehvy da nol nqulre ld tic LflUElit. fmlh lluc 
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NATURAL SCIENCE, &c. 



THE VISIBLE UNIVERSE. 

Chapters on "b* Origin mid CoTsstracCJOP oT tbe heavens. By J, ^. Go^t, 
F. IL A.5., Auibor of'Stoi Groapj/^&c^ lllmtraipcd by 6 StcUaj- PJiatcgniphs 

&ndi»P3ai«fr, p*my*vo, dah , . . 16^0 

"A vbIu^I^ dnd ludd wiim.inaiy ^ smu^at aonwinticiti EhsGiy. n^ndcFetl mor? valuable ml 

'*ln pHenhn^ a. clvjr ^niLcmci^i? JfuriuPE fifthe pfewnE pare of nur bnatole^^e M*, GoiB 
luiQdde* viUiubJr jrldituM la tUt UierUntv aiiht subject/' ^A'Afu^V- 

'*Kt. OoTfl't '^IdUd UnlvisrK'ii ov-e e£ the nu-Ht warkt up anrotiam-icJC bci^ncc- tbu luw 
fiHMitr ipfMiwd Ic Ljur Imgu^-ge. In iptiit inri in ravihad Le k»«dt«Ei4^c tirum euviff rn cawar, bul 
thn HyH ii 10 chur uul iFlnniveChU If «riSI bit u aHcpeshle an^ B9 t?3d3.blflTD chc«e *he vuiw 
tkq idnti6e prorcjigflru u ro Ihous wtio dcvaie ih«ni-,«Lvu <F«dAllj- ia matten asrren-MiL^aL'''- 

STAR OROUP5. 

A Student's Guide ta tbe Coasiclluiona. By J. Ellaad Gans, F.R.A.S.. 
M.R,I.A., SiC, Aathw of '^The Visible Unmise," '^ The Scenery of the 
H-tavcns," &c> With ^o Maps. Snxall 4to, cli>Lh ■ ^ ^ . , fi/0 

UoiLE— autL^dth LS LiC'^Dlliprt'yEd by h blibf ^^nLntcntnry idripLcd to fdcJIilikEc it^DBnitLom uid biingf 
fidnp' of 11k htflvcn^ nDLLing could b? bnlc 

AN ASTRONOMrCAL GLOSSARY. 

Oti DiLtiDnarj- of Terms used in Asbroiioiny, With Tablfs of Data and Li.»b 
of kcmarlijiJiU and IntFiesiing d^lsBLial Objeuii. By J. ELLA.en Gorb, 
F.R.A.S.. Author !)( "The Visible Univerac," &.c Sni^ crown Bvd, doth. 

am 

"A itry U94ri!l llnvc' "vl: rvr tfEliLiKn In iRnromj', ind nsB to b« aeiplKd bji man 
ndvititEilinjidEnu."— T"^! Tirmi. 

"A Teiy handy took - , - Uw uUltti ftC i^Utb ll MUCll laHHKd bj Hi ttlUtUa UblM vl 

THE MICROSCOPE. 

Vi^ConiiiTiiction and MantigempCDl. Inclndine Technjqnc, E^otn-nijcT^r^byi 
and Lhp Pasi and Fuicire oi ike Microficope, By Dr, Hewrc uan Heurck. 
Rf-Kditcd juid AuEmcnttd! from the Founh Jrcnth Ediiion, mid TronsUtcd 
by Wynne. E. Baxthr, F.Gt5n 400 pp., wiLh upwordK of 336 Woo^cuti, 
inip. Bvo, doch. ...... 1 ... . 18/0 

"A tnuis^Ailon oi^ wcU^known vark, nl encc popuJor and cainjinbtei^TB*"— ?1&fW. 

"TlicrfADTtlaEJBiilsiis fcEucJ'lcu^H i\ i^sj^Liriite. —^atitru 

ASTRONOiWV. 

By ills late Rfv. Roburt Main, M.A., F.R.S. Thiid Bdidan, KevishI hj 
W]LL[flM Thvnne Ltnn, BlA., F.R.flL.5.t rormecly of tlic Roim] Ohsecvatoiyi 

Crecnviicta. lainD, clotb SfQ 

"A Bouhit and <EinplB tnalisa, vary caftfUUy edltbd. ud a ei|>lta] tioolc Tar bE^oncnL" — 

A MANUAL OF THE MOLLUSCA, 

A Trfacisc en Receni nnd Ko^sil SbcUs, By 5. P. WoQi>WAiu), A.L.S., 
F.G.S. With an AppcnilU on Reckkt ako Fossil Cobcholociciu. 
DiscavRniHB, bv Ralfm Tat£, A.L.&., F.G.S. ^ Witb 2? PIbks and 
upwards oC 300 WdccIcuu. Ssprini uT Fourtb Editian (iGE-o), Crown E«o, 

d^ 7'a 

"A iniMt T^hiAhlB ^refciTd&fl oTcfnichelDflcB^ ind gnatflB^cil EnfocmiclDn."— SnMa^frfWj^^. 

THE TWIN RECORDS OF CREATION. 

Of, Gf:nloey a^id Gcnts3-^f ihi^ir Pcrfcc( HaniioiLV «id Wonderful Coocord- 

b^G- W. V. LE Vaui. 8vo, cioih BfO 

"A vnluabla bonErdbulSoii iii the e«idr^c«a af R-nrclotlfm. ind AapoveiB mrccmclu^j'ri-]; of 
Ihn oxeuDieiHB of tha» ^hir nouDd iec Gcd't ^'tulu ac^iiuE Gad'i Wur^ Sd' iBdl dlflkulrj ii 
dhirkBd, and iWH>jahlafiy b left uim-DDr<nL" — TAt Fott^ 
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HANDBOOK OP MECHANICS. 

By Dr. Lardner. T^nlnrged and re-wriiien ty Bhnjamin Lqhwy, F.H..A.S. 

37S IliusirationB. Post Sua, cloth , , S/O 

" TTic perapicuKr>- ufthr onginsl hat been letnincd, and ctiptcralwliith Itad bKfibjv ub»]Ale 
han been reiiTaccil bv others L>f nai^rc modem cbofdcicr. Tne EigiSanatioiu LhiDufhtjui ajv 
utiidlouily pupulsr, anil cam hns bccti talcRn In -n^ow th? anjrlltiLtinn ot Ihe Td-riuur^biantbea of 
pEiTsicB Co IJ1C En^Litrnofl arts, jinr] id Etic ijiatjjc^ b4jsu^ts&S'i>rLilG." — Mining ytyurrmi. 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

ByBr. Lahtjber, NcwEdltionj Revised arid Enlargai by Ekwjakin Ixiewt, 

F.R.A.S. WUhsjSUiusiniiiwis- Post Bvo, doth . - . . 5/0 

" For Ih^?? ' ■'ho d?Qra ID aTT^ih -an arcurjFe tnowlet^ sf ph;y«lciil vrLence wiBhnur tBie 

HANDBOOK OF HEAT. 

BpDr. Lardmer. EiJi^dandie-ivTictcnby Bbsjamin Lobwt, F.R.A.S.,8:c. 
117 i lluatr^t^anj, Ps&t BvQ. ulaia 8J0 

"Tllf fly If U alv^n flraraiiit [^rcdj^e, uid t wivgyi inacniecton ii\ tJmm lenT^njf imy elia i .^ n>C6 
fit hllfiBg J'jyWS hehuirl,'— A«/iH«nHi'. 

HANDBOOK OF OPTICS. 

By Di. Larcneh. New Edition, Editedhy T. OtvBH Hakdihc, B.A. Land. 

Witb, 7eS 91Iu!ITa|^ii>n&. SoLall B.vid, 449 pp., cloth S/O 

** wriEE«i by anm of UicbThIcsi [Injflisbiciantilic v-rllera.t>e.iutirbl1j'itiidet3'baraC0l;rilliisljat«L'' 

ELECTRICITY, MAQNETISM, AND ACOUSTICS. 

By Dr. Labijueh. Ediied liy Geo. Carev Fostee, E.A., F.CS. Wich 

400 lllir>[ration.s. Small Bva, cfath S^O 

"ThEtuak Lauld as\ bare bcca EStlustid tiMBy 4fl< betHI ±^Ul4l«4 l<> pKHTV? Xtl^ ^'^^ 
and lucid ity\c ai l-Midnar. trhdc coiruniaE bu cmirS 4Ad biioglBf Mp tail '•riitli H 11l» pKseni 
5I4IG ufKJHtlii^c kpewledte."— /'a^M'arirt'nKif Rn-irv, 

HANDBOOK OF ASTRONOMY- 

iBy Jh. LapppjpBh PpunK Ediiion. KevUe^ andEdil&d by Edwin DuNicitf, 

r.R.A-S.., RoyaC Observacory, Grt?DwiE:h. Wkh 38 Plates and iip^i^ards of 

I i<M WcK^dcuts. Svo, oEotb B/6 

" Probably no ochcr tunk C4iitalii& tlie tomff ^umQuot otf LarcTinatlDn In ^d [:om|wndlcius and 
-wbU -UTOueed a fofiD— ceitoEnly tvone a? ibepriPBHEwliicliiih.l&lsnBPTHHc tlipputilfc-"— .^lAwitfJffl. 

" We cut dona otber t3uin pforounce It^vovb. a mtiSP v^u^^Se imqilisjiI dE amoiBDiny^ dnd 
vB ttnniBily ncatnme&d it to all <ivlio wisli (c* icqulre a gentKLl— but ^t the ^jjiDblunB [arFccL— 
-Bf qiiaSotuirfl with tills luliUnie tJ:ienee.''—Qvar1fr'i^ ypiir-naJ qfScuncw 

MUSEUM OF SCIENCE AND ART. 

Edilsd by I)f, Labdnbb- Wiih upwards of i,soo Eftgiavin^s onWood, In 
Slv Double Volumes, d 1 1. Ln a. new and elegant clniH bindlne' I ot hand- 



somely bound in helf-moTHKCO 



ilegiint cJnin bindine': 

£1 111. 6d. 

'^ A chH^ anel inteiHSiiijJ pubLt[:JLii]li, ^lika In/DnnLng jn i] jmTacrlIv& The pgperi cnilLlMnB 

iHMe?liorioipi)T!niic»anrl urestsdimHiic knnwledKs, (unsijeraije ijaui'Ui'e powBts. aiidj pecuijr 

Styittl tTSttBliBt,"—-Sfiftl'lf, 

separate boohs ^tyrmed /r^tn TA' K^^ove, 



Camno'n Thlnex Explained, jr. 
Tho Microscope. 3s. dutb. 
Popular UeDl-agy. ss. td. cloth. 
Popular Physics.. 31, 6J,dDCb. 



Steam and Its Uses. -a. cbih. 
Popular Astroaamy. 43. (xl. cloLh, 
Tbe BeeandWhlteAnt*. aj.dot]!. 
Tbe Electric Telegrapb. ti. 6d. 



NATURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardbsk. Fcnp. Svo .... .... 3/fl 

"A very ccnTcnienc rli^si bdick fut Juniai stud^ntt In ttiSvalc ULiiaaW —SrOUh Qttararlv 
Kruirai, 

ANIMAL PHYSIOLOOY FOR SCHOOLS. 

Ey Dr. LAKDKtR. f cap. Jvp .■,....-. S/B 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardner. R±vi.'ied by E. B. Bhicht, F,R,A.S. Fcap. «™. . 2/8 
"OiiBortheini«t ttidahleboolBMtOTt™ theEleeUlcTelcpipli."— £Ki£iiliM4t>wi-n*i. 
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CHEMICAL MANUFACTURES, 
CHEMISTRY* &c. 



THB QAS ENaiNEER-S POCKET-BOOK. 

Comprisi.ng Tobies, Noies and Momorindn tclaiing lo the Manufaclnre, 
Cistnbutian and \Jx q! Coiil Ca^ and 'i}ie Consilructioii ^t Cxi Worlu. By 
H. O'CciKNOK, A.U.Imt.C.E., 4^ pp., crown Biti, fiitly inuscratrd, leailier, 

'^T^ httaV rnnraini 3 v^ut ftlnantil of Infil-niurinn. Tbiff aufhor a^es cnpsBcat\9ii\^ ThrCu£^ 
l^^m^i^^Tlnf >J<?L'ilJ« and prartlcal methods InvulvHl 1n ffarlh. of Tht? ciSffrent pri^^lcS *ft vitis 
Bf* iH-iHTlH. H" h" ccfHilrlv !iircr-(^cd in matUifi a compllauan af hlffl Hilltii^ of fast 
aUsliitiJl)' jiil*«<tltie t6 im4-— Cjj ffs^, 

"A uwfutwofkcl refecwcc biifM ffu fngliweriuid m Int^rB^i^d In UEhUng uc lic^tiiie by 
fu, irhik ilic AttiJi>Hi d Uw tnloui d«<n|rilw» Qf ipu wis b« pf viiue t-fr the: iir^lini^d] Elicmfit. 
An niiiitci In a&r <*» c«ruHled Willi tUd uiaAubccun inil uh ef eu ii dultiriih. Thcbijnk hu 

crldcDllr bean uriduOr fttrnp-OBd. and -UHlJalT tD£i(itutci i u^ul addittan ts e^i Ulentun^"— 

""The Totkjmc conLK^ni a efeal quantity tjf spcanJiacd inroiiikiitli>TL, tampiledi wc iKjievr, from 
tnjilvrorlhy irfturcpi. whiUi ihnuLd miikt it ai can^idcrabk vn^ !□ tbow for wji,ani It ^ apirdtiiaUy 
(»r»dttc^J.— /: jf4T* r rr. 

UOHTINQ BV ACETYLENE 

GenisraidTS, Btimtfi, uid ElMtfic Fumaees. By Wihiam E. Gibbs, M.E. 

With i66 lUustTBtioiu. Cronm Svo, ctoib. [Jusi Pu&lisJieii. 7|'S 

ENQINEERINO CHEMISTRY. 

A PratikaJ Tircati^c Tor the Um of ABiflJ>tica! Chcmisls, Epginccrs, Ccon 

MiLsier^^ Iron Pounders, Siud-?nt5Eind others, Compri»incM*lh(Kl5of AnalyH* 

and VaJumion of the Principal Maacriab used id Engin-teriinE Worfc^ with 

Analy?^, Evample* suid SinEE^Hioni. Fy H. J_ Pkfllips-, F.l.C, F-CS, 

Second Ediiian^ EnlnTRed.! Crown Bvd, 400 pp., wiib lIlLastmtions, -doch 'tO/fi 

"In thu Tm-ik thr .flutliDr has lEikdcn^d na ^inaU &cn~lcr to q n^mFFQUt body of piacdiLol 

nuOi . . 4- The an^hr^icol nhrttiadj> mar bv ciTDikQimctii idosi ^BlisficLi>ry> bclnf u acdiEatD iiS Uih 

diapatth nequBrtcI at vngiDBP ilng clieinisCi prmih^.'"— CAfwi/m/ S'^vis. 

" Full af eofwC 111 liUCT- Asa hiind boot of tBchn leal an^y sis, il ii-Ttiy wclcoiae." — tfuitiier. 
''The dn-JyticAl ni«ilinc]*> civcn ve. m a whole. JBich a tnrc Ukrly cd s\vp in^^A and trust- 
worihy 'CHjlt:^ Ld n:>erlciiced haml^ - . . Thcrt \i mucb f iccDml ilucripiivii miUiHr ia Ihe woAt 
L3ie coiEiter on 'QO&Aiid Lubric^iloii' being fepecinllr luidccalidc- bi tbElt iBfipflct.'— j^j|f«mw_ 

NJT«o-expL,osives. 

A PrHCtJCAl TratlH C^nCEmm^ thfe Properties Manufacltirci and Anoly^u 

at Nitraied SubstanceSp iccHudirig ihn Fa] manatee;, Smoketesg PowdsTS, and 

Celluloid. By P. G.£akF0HI>, F.I.C, CansuEtiag ChcroBSt lo ihc Cotton Ponder 

Company, &c With rilustradons- Crown Bvo^ cloth. [Just Putii^iied, Q/Q 

"Any one having Ihc reguMtc ^ippar^rus and niAC^H.ii'i nould miik« n^trO'fl^crulTiD Drgun- 

cowou, to gay noEliJue of other rtplaaiTi:^ bj- tliB alrt of else Invnicrl^nE in iJits sriinnc. TTuiu 

fine of i]ic vriy ftiT tirxt-bDokj in whicti caai ba (nunil just wlmt It Lv-.iniml Mr. SaEtfciid pm 

ttiroiifih rho wEidellst of oupliHiTet cDrartLEnly uatd , n-irfLes-iny g:Lv«ii wtjIdbIvp, and i^s ul^fWblC 

It li; campo^ed and hom Jt tL mEnufaciuTHL T>ifl bockb axccbenF iJirDughoiit."— fjffi^^Mr', 

A HANDBOOK ON MODERN EXPLOSIVES. 

A. Praclic&l Treatise on [he Manufatrun^ and Use of Dynamite, Gun-Cotton, 
Nitro-Glyieerinr and either ElcpksJVe CcinpQunds, Lncluduig Csllodion-Colton. 
With Cbapters on Explosives in Practical Application. By- M, ElESLBIl. 
Mining Engineer sful Molailiirgical Cheniisl. SctutiJ Edition, EDlarged. 
Witb 15c llKiacrationa. CrouiTi Bto, oloth, [/mj' PvblCiJttd, 15/6 

"U^r^l pel only to the mSncf, but alsoTD nJ^ccra sf Inth serwii^eiiD wliijrti likisdn^ jiri to* 
□Be at BKpJn^m ^jK^ally may at any timo bocunin B Reccunry AuxiLUiTy."— AWhpi. 

DANaEROUS GOODS. 

Their Seiirjits (md PYOp«rlifS, Mcd« of Storage axi<l TriuiSMft. With N(rt« 
and Comrmenis on AcciJenii arl*ing ihcrefiom, togeihei with cht Go vein men I 
■m! Railway ClasmficptiQns, A-cCs cf ParLiimenl, &t. A. Guide for the Use of 
Government and Hailway OfiTlcials, Steamship Owners, Eniuraiii;e Comparues 
and Manunurruiers, and Vscu o-f S^plo^ivi^s And Dsngetoiis Goods. B; 
H. JaSHMt. Pbhufs, F.I.C, F,C,S. Crown Svo, 374 pp., doth , . OfO 



CHsmCAl. MAtfUPACTUSJSS, CHEMISTRY. &e. 33 



A MANUAL OF THE ALKALI TRADE. 

IncludiDg ihe Manuraclurd of Sulp'liciric Acid, Sulpha t* of Soria, .-uid ttlcarhing 
Powdn. By John Lomas, ADtnIt Manufacturer, NswcsEtlF-upon-Tyne &nd 
LcndoD^ ^5p pp- of Tcjct- Wiih 133 lllu^tralJon* ajiij Worlinng Drawins^, 
Second EdLiion, wi[h AddiLlaiu, SiiiKj--roval Svt), dotli , £1 10>. 

"TWsbpQlEia wndffl hyA cnaniLfartiLn-Tl'i]! manuiactuyfr^ Thfl Wtfkljit dcLdjUo-Tthe mo^l 
■fppnrad Inrrru i"jf api«arjnii aro e*"**^", ""^d Uiflsa Me accpnipapisd (ty no J™* iluui vp wood 
ognolnei, tllof whicii may lie U5ed Mr 1ha puqiai** of canniliCti'M. Evcrr Jtep In IhomaiiLi. 
laeiuielsTsiy fnlSy drscrilnsil in tiin niriniijl, qnd meliiBpniVMiiaitupliimcd. — ,IArKi™»[. 

" Wa Inil nat mrn-lj a sounri aiiil 1iiil|in«ui esplMUliWI, of [he cliHnteaJ inlrrlplcs al Ihe 
inda, bma notfcn nf nuriBraus matler! wllltS Klrt 1 awl Important l™vr^ on tho mcceBTul 
«andiict of aJkiJi wnrv^ :^4t wli.kh ufi |eBenll]r drtikielMd bf nen -Bipcrifmccd nclmiiloiElcl 



THE BLOWPIPE IN CHEMISTRY, JWINERALOOY, AND 

oeoLoav. 

Conialtiing all Imowii Mechods of Anhydrou! Annlysis, many Working 

Exunpl«£, and Insmi-Ctiaaj (or Making Appiiralas. By Li rub •Colonel W. A. 

Ro«s, R.A., F.G.S. Wiih lao IlluHratiups, S«oiid ICdkion, EniarEsd. 

Crown &VO. clolh . ^ BtQ 

"The SCi^dciit TTho EDc^ ^D3LKi4ntiou4lj thnuE^ l3he coLLisGoreapDrunEnlarinn lieroliiiil iloim 
wQl^ln-a brIEci InaiG-lit gnto ino^ioibic thvnLl^jy A.iid minacalDgv than Ef be luifl 'fot ap^ any at the 
b«st tBJtl-bDDks«f theddv, and p^ned any niHiabar nf eRamiaadDiis In ibrds cocblcnEa. ^^pCfWrn^qJ 

COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS. 

Or, Pi.actLcii3 In^trottJunS for Eh-t DcCemSaviliQn of ihc Indnn^ir: or CoTmucrcifll 
J" ■■ Vflliie of SutftUmc** ia?pfl! ^n Maniifac«ii-rts In Trad^:*., anaC in the Anii. By 
iOJC* A. No-HriArtDv, New EditicHi by R. M- Noad, PLD., F.R.S,. Grown Bvq, 

doth 12/8 

■-We iiroiiHljr recamraend ihli 'bcnk to nar ¥Biicl?rEi u ■ Hulda, ildce Kndkftpflnsabln m tbe 
hoUKiHfe n Ui the pluhrmnceuck^l prjclttuma/'— jVo^^cu/ rim^i. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Th*ir Propeircie^p App]ii:aiionR, Valuations,. Impimiie^ and Sophisdcntions. 

FrjT the U*c of Dycr5, Printers OiysaLtGr:^, HiDKisrs, &c. Uy J. W. Slatrr. 

^ecoad Ediiioo, Rpvii^d and greatly Eolarged. Cronn Svo, cltith _ 7/3 

" A. cniiiptrK encjrclapj^rtiA of the fiarma rirt/rorui^ TEia linAjfirLiitlorL bn^f^n rD5p«ciin^ csa: b 

uticlB I& lijLC and [jf«CL4e. and Hie mfcthmls of dcienniiuiig thoyaluT c( artiLtes iuch. jj EhfiSfl,, sa 

tidlilp Eo wpJiuttE-dtioii., ire ^vhl tiith dfrorness. iiniL am piacd^ u -well at -iniliijb[e-"^0%fiHui 

'^Ttieie lb QD Diher wLSrk mEiLcEi cr/tenn prtdvly thv saniB E-muiut To vtii-rlaiti prBpaitn^ 
for -BEamJ^ikiiiiiu ia dyEto^'iiLi! ptindus 31 «iU pFO¥eeiceed.iEi|;'ly tativV^ChtprnKaZ iVtm^. 

HANDY BOOK FOR BREWERS. 

Being a Pr^lkal Q-LLide lo th« Art of Bniving -and Malting. Em'bradng the 
Conclusions of Modern Rcac^rdj ■w3iich bear upon tlic PtJictici: of Brewing. 
By Herfbrt Epwards Wwicht, M.A. S&conil Edition., fc-ntareftl, Crewn 
Avo-^ 530 pp., c\o\h.. [JttsJ PtfbUDitd, 1 2yB 

" Maybe ctmiuUed wJtb fidTnnl^n by Ite sludeQt vrho^a prepaTln): h-Luistlf fur ojtflinhiitiflTidl 
IBSK, »liilc Elifi icxndfx Tin;w>e' wJl finiE ia H * r^sufrt/ -fff jUI tho laiwl iirjportant dlai^oicfirt^ of 
mnrlcm ihnrs. Tlic nnik i^ wriilcn tEireLEgbouL ic h cbeu An<d cone ha irttuinci, ancl tlic AiiBtor 
IdlnE^ arreiit cais !□ ilkdlniiii.irri bot^mn rA^a UkQUfies imd weJE-BtaljIiihed Ciut&."^i'rrBbrrs' 

'-^ We hnvE ifTFAl ptGLSuiD In imomnitniliiijf "thEa hnnily bool:, dtiiI hava n-n tieataUoc In syinr 
that hh UDeordLebeBE— rfnuarihvlwsE— vtkfa hd^rrrbccn mLttcu on Ihn lubjoct afbiHrr-brEwin? 
In eUi. m uim y ; Lt ibo*]]J liHve 4 place en the ^utTia of cv^rg brcvrv'^ ILbrAj;' "--.firrruerj- 

" Althoutfla ttkS miulrGisenti arthc wmlentaiT prlmuily cnnsidEml, ah AizquaiiitDruie ofhalT- 
U'bovT'ft duranoa caimot fail to btiturti iht ]inictica] lirevtr 1*1111. llie Kn*c of havlni- fmind a 
tnitfwonby Buid4 and pcactlcdi cnunscUizir Lii breocry maLten."— CA^rM*i4at/ Trait ycvrnal, 

FUELS: SOLID. LIQUID, AND GASEOUS. 

Tbeii AniHlysis and Valuanion. For ihe Uic of Cbrnvis-ts- and Engineers. Dp 

H. J, Phillip*. F.CS,, (gnreri)? Aqalyncal anij Co-naulting Cti^misl to thr 

G.E. RJwy. Third EditioD, Revised and EnlargcJi Crown Svo, clolh 2/0 

'"OufflhTEO bavr llA pJ4i;« in the k^ratary af every melBlliireU-al »taUiiliment and wb<?n:^vi 

} fud b DKHiDa a Urge kCiTh "-^A^fHflflJ l/rwi- 
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CROSBY LOCKWOOD S- SOITS CATALOGTJS. 



THE ARTIST5' MANUAL OF PIGMENTS. 

SbowiD^ [heir CoTiipoaliinn, Confliuon^ of Peiiiia.nency, NoQ-PenaaimcT^ zit& 
AdulLerni^ons ; V.KsiU jfl Cafiibin^ion wich Each Qthti oxtA. with VchiclHi 
■Dd the niiKt RfU»ble Tesis of Purity. Hy H. C. Stand ace. Third Ediiicia, 
crown Avi>, cl-ifth •. k -■■,■-. _ S^6 

■■TbIiWSrtI illo4«d >liiii*»nt-iiM-/a«p*, und wb can, ■wlfli bo"I MBSCtSDCl!, fKOdliiicnd il lu 
^1 who £am* la-tonlKl intb pkdmentB, whiMie^rM in>il»n. 4"len. vt uiiin,"— C-'i/niuBj V^rirw, 

A POCKET-BOOK OF MENSURATION AND GAUaiNO. 

CoBiliklniing Tables, Ru1e«» and Memorandji for Revenue OfTiccrs, lireweTS, 
Spirit M^rcbaitla, ^^. £Jy J. b. Maht, LiilaJid RcVenlie. Second EJtcioDi 
Kevked, ifliDOf leaihej ..,»--,,., 4/0 

-■ Tills !1iBi][3yBiLd utcful iHicik is ddBj^fHS to ibr [<TU|uirfmiiniB af Ehs Intend R#v«iLie Dcpan' 
ment. ■nd wUl l# 'i bvcuriio hudk. ot wefciepta, TIib caoge nl sutjccit U i:uEnjkn-]iG[uivir, ma. the 
amLB^flawnt filirkjtlB ind clear. "—^"rtr^JJaw, 

"Siniuld l« in ttB [undi of ewery prpcac»ll*re*ef,"— ^i-nwn' ycmmai. 



INDUSTRIAL ARTS, TRADES, AND 
MANUFACTURES. 



MODERN CYCLES. 

A Prnciicn] Hoaidbook on ihtir Coostniction and RepajT. By A* J_ Wallts- 

TaVl&P, a. M, Inst^C- E. Auitior of *' RetVieeradng Mochinpry," ft^ Wicb 

upwards of joo Lll-j&traliuii.5- Crovm Bvc, clmh. L/^uj^ /^^j^vfj, 10/6 

"Ttie liuipe iJfliJe iJial b d^ine in the compLwiajl piuti of bldyilca has i^LtGil in the •aynf 

oiiFTLBimitLriitlicuEir mcUm R<1 CHUiiQrdii'uiry futilitici far building bicyd-ea for Lheir a-wn uac. . Thq 

Tnaddnns.'— rAf J-'ifl^. 

'^A. mast vtrnpichrBiivv fOid -up-la-^tt: im^isa."~TJ%i CytJg. 

"A wm □5QlulboaL vhkh b i^uho cmitlcd tu BmUt as a ctandard work rvrstndDnaijrcrcJB 
iconiiTUctkuiL — J^Aa^iiv. > 

TEA PLANTING AND MANUFACTURE 

CA Text BMk of)- Comprising Chapters on the Ri^Lot^ Jind Dcvdopmeni cf 
the Industry, ihc CuttDvatioD of the Planl, ihc PicpauEUon of the Leaf for the 
Mju-kct, thfe SoUny a^4 Chcaii^LjyLjr Tea, &c. wIlIi s^m^ AccoU-ni -dT ctat 
Lews a^ecCLHE t-j^bouT Ld Tea Gaj-dfjis in As^ain oDd eUewhere. By David 
CkOLB, lale cT ttt J^kai Tcb Cdtnpbjiy., fELC. Wllb PUtc^ and othei fllusEia- 
tiunx. Med]-kirn 8va, dacb. [/uij PiibruAc^. 16^0 

*'TbQBulliGi mlEcsaiBiL uotft. and elrct tEiti mult uf hh iicmaTLAJ cjtpcricncctL Tbc work 

cm barrlly NbH 9u tfc of pnnlcBL iiLt«Bs( lo !■■ jfnvwen and isa muiiifnccumB.''''-^rCfi£rA /Vi^ 

COTTON MANUFACTURE. 

A Manual of Pi.iLiical Insiructiiin of lliB ProceueB of Opening, Cinjing, 
Cohnbing, Diawing, Doubliag and Spinning of CdcCdt, tte MelbodB oT 
Dyeing, Ac. For the Use of Opeia.tives, Ovcrlookos, and Majiufocnircrs. 

By John Lister, Ttthnicel Insimetor, PiiDdleton. Bvo, cLotb . . TIB 

" T^it iPV^lM^bl* v^luTne is a dlednct ad^an^e in ttiB tirnnrLita of cattDb tnahUbnaFe."— 
Jlfaifiititty, 

"Ills Uionuetl)' iea»l>l«, (ulSHiPe ne-Tli" jU tii«ieniilMitt!nti!<ie!STEd,'—C/a(f »»/;?<»«, 

FLOUR MANUFACTURE. 

A TrFBlisFon Milling Science and PiacticE. By FkiedkcCh Kick, ImpeiU 
KcEiBiuni^s-aih, PrDrc»f>r of Mechanieal Tc£:hnulue7 in (be Imperial GermBn 
Po^^lechnic Intlliute, Pragii«. Translaied from the SbcodJ EnJaiged and 
Rcvhed Edition witli Supplement, hf H. H. P. PowuES, _A«*C. McClfr. 
InEiituiiun of Civil Enginetti, NcBcly 40C3 pp. Ulusiraied wiih 18 Folding 

PIbIcs, end 167 Woodcuts. Royal Bvo, clolh £1 6*, 

"TUs v.-iluaMe »»(-k Is, lad will fea*[n, lh« sfmdjinl jiiflioritj' on thB-wiunceof miUlsiB. . . , 
Thi s^cf vim l-j^ itii and ilig<si^-J Uii^ -Frotk KHll biivc \rill 9i* (cuni'iiBn, w W 1P«£,<rf I 
IljeMiBlultirccri lie wiU Im-s aiquinj a. number nf s'-TitMI f-rlll^lples "Ul(llli-e Un ]5>dcmi) 10 
■pfjj. In ChU iLandscniit ivIuitt irc i,t lut Jiit-c lliu ai:i:i:FlEi] lixl'b»Ck OflMdCfTl rrULISC "1 g<»il, 
HtiUd Eli(luh, xhitli hU lilUa, ITuiy, Ic2le olllic CEimdn idium."— T^ibf JtfiJAr. 

"TbDAppKliaiu^egf tlua cdcbratet^ vrork ui luicliaili I9 vm oppafli^tt BiiL BlStllh nOlH^ 
»rii?p ve itd hub. latbfi^n Ln Lfki^maUtoQ^TB^^l'^eacBb"— ATt^J^^'^ioi^Jte 
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CEAIENTS, PA5TES. QLUES. AND QUMf. 

A Practical Guide to ihc MBiniifacturc and AppKicHiion of ihe vELnooa AggCuU- 
nanEfi required ]n il»e liBiildinai Metal -Working, Wg^d-WorfclJig, and LcaCbcr- 
U'orkjnE Trades, and for Workshop, Laborntoiy nr Ofifice Uae. Wiih upwanti 
of i^oo Recipes and FoteiuLk, By H. C^ SrANUACB, Clrrnust Tturd iLdLtioQ. 
Crown 5^0, clocb. [/'•^^ l-'\ibii%hcd^ 2/0 

*^yic hrivc- ple^fiufp Ijv speakLng EavaMiahly i>f tEtli Tolumb So for u we hai^ luil 
ftEpcHcncn, wkLcL li nor inc;un^ncinbl«v ih'is cnitLiuM ia ETUU-qarthy,"— ^^VTbfiff't 

"' A) d. mucLiiiiiiik laf nJiji itn CLin^irlcttd itriJc avcrois, Ehis EkigW wlIL amuH AH UDDunt at 



THE ART OF SOAP-MAKINO. 

A PntctLGcd HanillHKik of Lhc MiLnufEiclurc cf H^d and Sok Soaps^ Toilet 
Sonps, &c. [ncluding marjy New Process*?*, and & Chapcer o-n rhe Recowery of 
C3ycerin-c from Wnste L^y^- Hy AL!<. Wat't^ Fiflh ftlditicjij. Revised,, "With 
aji Appendix oq Modern Candle making. Crown Svo, cloLb . , T/6 

"TJie wnrk wiU piove Terp "iseTuX qoi nwjeLy tn ifcie technoWi^CAl sHiJent. bill to Uj* 
pFat:Licj] ni.ipitiptirr nJko Aiahes la umJen-lanrE Hie [herjn QflitiHirt."— -C^emuii./'A'Fabf. 

"A tJiDroii^hly |.ir;utlcj:l iruCiie va An ^rt wlilch 1im ilnioat do lltectiEuii: in dllf Lan^flge. 
We [□DyianiEd.fis- lTlb lUtUor qd the inccHi uf JiLi endeivonr to fiU a vcdd in ^ngliib mchcicjl 

PRACTICAL PAPER-MAKINQ. 

A Maniaal for Paper-Mak-cr^ and Oii^ncr&aiid Manaee» orPapor-MUls. Wjth 

[ Tables, Ca-l^Earions, &c. fiy G. CLAP^eRTpw, P^pw-Maker, W«h Illus- 

naiiona uf Fibres ftom MicioPbotographs. Crown flvo^ cloth . . 6/0 

^' Tbe authnr datnn ios Ebc dHEuii-cntLftiEt of rcspouiJbilfi loLU band), AT^pietkiELzos drr., whlLf- 

bto iKBiiiiftl win be fciinid ofETDai. MrvicG to aiudpi:ni} af EcchnDloEyi u nxi]] o^ to TrEtcran papi^E' 

miiVeri uid mUl owners. TLib iUanUaticnifDnu od GicrJIcmt fofltiirn."-" TAr W4fr*d'j Fafitr TraJt 

"Wt ncotitidtiicl everybody bterGtvdin tl« Ijadc to jet icopif ofiMa il-iormstily practical 
biMik. "—f'mprr Ma Itim:. 

THE ART OP PAPER-MAKINd. 

A Praqiical flaiuLbook. of i3ie MiLnufactiirB of Papei from Rsgs, Esparto, 
SlraVf, aiid oiLcr Pibroaia MaicriiJs, Incl-udiri]^ ihc Manvifaciujc of PuEp from 
W<wd Fibtfip m|±L a ne&cription of lEie JtLachinery and Appli:Lncea tidied, Xo 
whicli arc added Dciaila orj'rocC5sCi fur Ueco^tTing Sodalroai Wasic Liquors. 
ByALEXAHUES Watt, Auihfjrof ''The Art orJsoapMaLjing/' With llht-i- 

traiioTifiv Crown 3vo, cLoih 7^fl 

"IV may Tin crgaidcil e& Ifaa aUnilAnL wiirk on 'Ih? ButrteCt. TJie book Is full orvaluaLIc 
lafomiiiiion. Tbn 'Ant nf Paikcr-Miildiqe' ii la Dvei? respect a niodtt of a iGil-biKilci cither for a 
twhnjriil cLiQ, or far BtD prlvdtB ^EiidGDEj '^'P^Cr mild I'riniiriii Tntdcs j^rMrtAii 

A TREATISE ON PAPER 

For Printers and SlAtiooer^^ With an OulSincDf Psper ManilfLHrtUTe ^ Complete 

• Tables or fjlies, and Spcciniiens. of DilTerenl Kinds of Paper. By Kicka^c 

Pakkinsoh, Utic of ibe Majithesltr Technical Scbool. Dcqiv Svo, tloth. 
Uiue FliiCii/ud. 3/6 

THE ART OF LEATHER MANUFACTURE. 

I Being a Practical Handbook, in *hicb llbe Opeiacion* of Tiijunbig. Cmryitlg, 
end LcHlber DresskiK ilri: J^uliy DcircrLbed^ Riid tht Principks of Tajining 
Eitpl^rJ^ aiij rnsnv Recent Prt^ce^Tie^ JiiLr^jduceil ; as aJ:^ .MelLodsi. for [he 
EsEimstion of TaunLn, ajid a De^criplion of l:h« Arts a( Glue UoilinK, Cul 
DrC!U>liig, 8cc. fiy Alexainder Watt, Author of " Soap-Malcmg, &c. 
Faiuth Edilion. Crcwn Svo, cloth 9/0 
^''A «fMind^ ram].>rFliaii5lw tnrLtlsd on cnnnibe ahd it« aeeoseriEi, The l-nH>klK>n frtnlDfiiiilT 
nlualil-fl- pr-D-rluctian, which rDdDiuuL^ la tiifi cracut (if bath fliiThnr and ^i^\\ihba^"^^k.ttftii:at 
Xman. 

THE ART OF BOOT AND 3H0E iWAKINQ. 

A P(6ctii:Al H^ilbook, indudLn); MciLbiLrBmciic, Libit Fitting, Ctittine-Qut, 

Cl-osing and Making, with a Deicripiiiin i>r th* timst appt.jved Machinery 
Emplchved. HyJoHM B. LeNOvljitE 'S.Siiai of il.Criiftn, ,-ir,J Thi Bool and 
Siuii-Aiak£r. lanta, clatt 2/0 
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38 CSOSBT LOCKWOOD «- SON'S CATALOGUE. 
WOOD E NORA VINO. 

A Ptadlcil and Easy Intr-adiunicm tiO tlie Study of l}ie Art. ByW. N. Bsowa, 

luno, tlo-th ...••-■ ■ ■ . . ■ ~^ 1/Q 

" Tto b»tr ii ctw "1* EMBpta", virt "in *« um*iI m iny on? fMSlnr » luidaniaiiil Die 

MODERN HOROLOQY, IN THEORY AND PRACTICE. 

TraittUiodt from Lhc Prcucb of Claudj^us Sal^m^e, CK-D^rfcior ot ilic School 

of HoJ-oJoffy at Mntun, by JULtBT' TRiPfLiN, P'.KnA.S., fiesnncon Wauh 

MftnuTaclurcr, and EowAjea Rit:>G^ M,A., Assaytr in iht Rciyal Mint, Witt 

S«vciLCv-±iEhE WotxIcuLi uid Twebty-two Coloured Capp<r FEai^. g-ccnnd 

Edkioit. Supcr-royaJ Bvo, datba £2 2b. ; baJT'Coir . . j^2 IO^t 

"'Thov ia no barukofiJcBL wnik En ihA EnglEib liUi|£uaefi at bIL Ed be [ODiDaPtij ro Ehlspnxluc- 

|£tn of M. 5a-iinlcr'i far cl^mBBuid cum^otcnns. Ii Is olikv Eonci Q5a£u1j|p Tor ili^ ^ludcHE Ktd 

•«i m frjcncc Tut Ito cipcrioirrd biHijEaEisE and ^kiUod w-Drinnjui"— -ffo«7i/j^"c((V TfurKJ-. 

"Tb« Ul«t, ihdinoitroTPpleiv, vid th* must rr-ilaLSe oF Uidsp Siwrary |>ro(IiiEdrjni towhlcli 
CxnlliH-QtAl wKctunikcn atc mdfchlHlfbT tlkc mochrjiLLc^fiLpcrLnilly over ilic^ r-nelicli braihrt-n 
^n furl. tlutfknkoflicKi-Ws, isM. 5*iinlci'5 ""TrMtlie,""— W<*itA»nfffcTF, yttfffltf.anJSiJT^trjmittL. 

THE WATCH ADJUSTER'5 MANUAL. 

A ^mctlciJ Guide foe ihe Waich and ChronomelM Adjustst in Making, 
Sprinaing, Tuning and AdjiisLJIiE Ifcr l5*?chrmiBam, PosiBtonsand Ttoipcralocth^ 
By C> E. Ph'tts- 37a pp., witli niusiEWioru, aw), doth IB'O 

THE WATCHAIAKER'S HANDBOOK. 

iDtBDded ^ A WortL'jbop CompanIoD tdi ihtRc en^ged ld Watch nuilt {pg sn.r3 
ibc Allied MccbeniciiL Puis, Tcanslatcd from ttic French of Claouhiis 
SAV^:BR, Wid enlarged ^V Jl'UHk Tf^aJ'PLjw, F.R.A-S,^ sji^ Epw/iPii 
RiGG, ^f,A., Asjuycr in tbc KoyaJ Miiit. Tbind Edition, £vo, dotli. 0/0 
''Hmb put \s tfluly 4 ttCJitiie Ui LUeJJ' Tlia uroujccDienl 13, gucd and the l^tLKUii^ ii'tlrikr 
andcanclfee. U^ mn nunlralile ^ui^^c Frir ttc ^aua^ watchmaJtex."— fiW'^i^rirv- 

"It is lnk|rin»b]c Te %pcdE E<H> highlr mF iu e^edlemb Jt fiilAu cverr rcauitanmit Ja a 
hvufbook Intend od rartheu^eDf a wcuknuiL SbouJd be ibund in evEij vorksfinjip. '^fffitJumJ 

A HISTORY OP WATCHES & OTHER TIAIBKEEPERS. 

By Jawes F. Kewit^jMh M.B.H. InsL Eoaids^ 1 ^6 \ 01 cIoOi^ gilt . 2^6 
"Tlic] bOil irhfch hu yet apvean:d oti ihLs subject la the LakIi^Ii lQDj[UiL£c."— /n^nj-^riifj. 
*'Oficd tikn tiDolE whera jDLt rn-ay- ^h-crcas intcmtbg msttci in U toneemlnf tbe iji^iUflub 
dctSca of Che nDdcnt nr icif dcm horoJiiKfliT"— J^Ajz-iAij Rei'iev. 

ELECTRO-DEPOSITION. 

A PraCticil Traalisa aa ihe Electrolysis of Gold, Silwtr, C'>fil>El'^ Nickel, and 
other MeLaE& and Alloys. With DunipCions. of Voha!c Batienu, Magnelo 
and DjTiiunO-Eletiri* Mnchine-s, TtetmopUM, and ef tbs MatExiak and 
Pf0^e-S'^e5 u.sed in every Departineiit of ihp ArL, np^ cvver^ Chcpflflrs OH 
Electiio.Mctalldbcv. By Albicamisek Watt, Author of " Elecuo- 
MelftHurey," S:c. Third Edluon, EevLs*d, Crown %vt}, eleih , . 9/0 
''HU-LinEntly ^ boLik for die pra£lica2 iBorkflr tn FtDccra-di^riKili^nL, tc ciinralEia praccii;^ 
deseripHtins armethnEfc, procesMS iiiicl uintBiLAl^. ju dciujillp parsuBdjud used. In tat wurk£jLap,^ — 

ELECT RO-METALUU ROY. 

Piaciitally Treated. By Alexandrh Watt, Trm'h Ediiion, tacladinR the 

mast recent Proct^sss. i±m^ dolh 3/iS 

"Frma thtvlHick tK^b.KEiante4irud inisad may Icani pveryftibv nKHBry luf tAb kutiib^ul 

JEWELLER'S ASSISTANT IN WORKING IN OOLD. 

A Prncil-cal Treai!w fcir Mivtrrs and Warkaien, Conipiled from th* Expvience 

of Thirty Years' Wcrk5hop Practice. By George L. Gee, Aulho-i of " The 

Goldsniiib'i Hand3i(5ot|" fee. Crown Svq, clolli .-,... 7/6 

"ThLj roABuaiotf isctinilcd] cducatiaTi la ippuent]]* d«ili9sidic fie m vi^uiIiIb uiJdQuf ta ■ 

bi&[UcrafE vtnlclii Is tnrtainJjr capable af |[nu ImprDVeiuBiLt." — Th* Ttmtx, 
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fiLECTROPLATINQ. 

A Pr»ciiciiJ HaBdbijdk iMi tb* Dqrajilioo of CappiT, Silvor, Nidfel, Cdld, 
Aliiniitiiiini, Bra*s, Platinimi, fie, &c. By /. W. Urquhart, C.E, Third 
Edilian, Revised. Crnwil. 9v«, dolib fi/0 
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ELECTROTVPINQ. 

The lCepraducLir>n snd Muliiplica-tion of Piinting Surfaces anrl Wailca of An 
by the Elcciro-DcpoaJlion of MEtals, By J. W, Urq-UHAht, CE. Crown 8vo» 
cfpch 6j'0 

" The booh talhoTDciifhlv prairtkAl; thr read tr is. Eh^rfiorc. condi^cled thvoue'^ r^r^ IcaiJJnf 
tawi mr^Jrttrkili;. Lhen ttiroupft ihe metakuscJ bv cLdmrotwpers, ihe jpparMiis. BniLthn d-flpoddm 
piDCHSG^ up ID the lln:J prepArj-don c>rttie wporlt. ^AfC jimrnaL 

GOLDSMITH'S HANDBOOK. 

By G-EOPGH E- Gee, Jeweller, &c. Fcfth EdilioiL, umo, clorh . , 3/0 
"A pooil, sound pJucairii, and wLLl Ik geii-eriiUj- BJ:i:eprEd as w 4Jirhnrt[y/"— ffin-tf^^jpT'n' 

SJLVERSMITM'S HANDBOOK, 

By GEoacE S. Cbb, Jei^tllir, &c. Third £4Ltmn, ivith nuoiKOiu Illnstra- 

lionK. j'lmo, clolli 3'0 

-Tho cluef racrll of the ivnrBc Is lla practfc^ ribflractpr^ , , , TlLe iforlctrs In tboCnile will 
vpoe^ly dbcaver iti in^irics vlicn chey tit dawn to fltuijy It.*— f x^^A jl^rcr-fgapclir^ 

■'^'' 7"Ai aftniw ftfio morAi log<iA*r. slron^Hj' half-bowid, prica 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

CompTi-^ng a Seleciion of GeoTnctrical Prohlcmi and pTaccrcal Ru3es for 
Describing its V&rious Tailti'BS Required by Zinc, Stltel-liraii, Copper, oniJ 
Tin -Plate Wurlceis. Ry Rkubem Henht Warm. New Edition, Revised and 
greatly Enlniged by JOSCfH G, HOBMEH, A.M.I,M.E. Crown Svo, 354 pp., 
with 430 llluEiraiione, clotli. [/ms( PuHiihtit. 7;B 

BREAD & BISCUIT BAKER'S & SUOAR-BOILER'S 

A55rsTANT. 

Including a large variely of Modern Recipes. Witb R-enuiiks on ihe Art of 

BreiLU-inatlng;. Bf Kohbrt Wellj, Tbiid Edition. Crown Sva, doth . syo 

"'A Isr^B uuiDbet of wtinklEis far ItLC onliiuirycctik, as v«Uus tJi«balcer." — SaJ^r^yJimnr, 

PASTRYCOOK & CONFECTIONER'S QUIDE. 

For Hotels, Re^ilauranis, and iht Trade in genera], adflptfld fllso for Family 
Use. Bp E. WE1.L5, Aulbor of " Tbc Bread aad Biscuil Baiter." Crowoi Sto, 

clotli - r , ,,.,,, 2/0 

"We f ^uind ^pe^ too highly of tUEs rEriUf BicallmticDFlc. IiLtbuHrdays nl keencthtnpetltioa 
OOF rejden cantim do t»ener tti^in purcliasa tiik liook."— Kh^ftj' Tilwea. 

ORNAMENTAL CONFECTIONERY. 

A Gulcle Ttit Bakery, ConfecLioner^ and PBsirycoQk.t ; JndudTng a variety ot 
Modern Rtiiipes, and R-Einarks on Decoiativc and Calouredl Work. WUt jsg 
Original De^igjiSs By Robert Whi.ls- ScconJ EJilion. Crown Svo . fl/Q 

*' A VN^uatfiB npjTk, pTacticii), dud ^Duld be In iJic liaiich nf flVBrj/ baker J4kd confecttiiner 
ThalUuslraCivt -designs 4reilone-"ortli crebki lLlh smoiini chanted far iNa wfujla work."— Fa,hfj" 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 
AND RETAIL. 

Coniaintng a large Collection of Rfdpcs or Cbeap Cakts, Biscuiu, &c. With 

retnarkh on tlt£ Ingte4ient5 Used in ibeJi Manufactuie, By Ro.aBST Wxlus, 

Author of " The Bread and Biscuit Baker," Sec. Crowd Bvo, clotli . 2(0 

"Tlsc W(][ll bflraflecbt3esllyprflclJealcliaraci*ir4iadinHvi?ry eclpen^arilEabaLdeo-tqoncinical 

WDtldnE-"— 'VDrrt ffrlftj* Daily Afail. 

RUBBER HAND STAMPS 

And ihE Manipulation of Rutibci, A. PracticaJ Treatise OD ihc ManiiEkdure of 
IndLanibb«- H^-uid StMT>pH, Small Articles of Indiambbcr, The HckiOffiiipJip 
Spcr^iaS liiki-» Ccintnriij aiitl Allied Subjecia. By T_ O'Conoh SlOamb, A.m,^ 
Ta.D. Wicb ntuD-erouis Iltiutraiiona. Sqiiaic ^vo, clotfa . . . fijQ 



40 



CROSBY LOCKWOOJt * SON'S CATALOGUE. 



HANDYB00K8 FOR HANDICRAFTS. 

BV PAUL N. HASLUCK. 

tUiiloi of" Work "(NewScries), Author of "LaiheWoik,'' " MillioE Muchines/'Af. 

CroTtm 8vo, m pp., price ii. tach. 

7"**!* HaHoybooks AaW ban vHUtn to su-pply infomoHan for WoitKiiiM, 

STL'E>EHr^, and Auatcvr^ ih tkt nt'trai Mumiinrafti, gh Shm acPumi P'ractiOE of 

U* WoBKSHOi'. anJ auc inttndtd ia co»i)*v in /'Juin Lin;.'iiai,-« Technical Know- 

lalion ej niaUrial. -worluliof Unia ati med : rirotkifwp firactici is fully tiplaitud ; 
and Iha liit u frtily itlialraud wilk drawings of mmitrn tipofj, appliancii, ani 
pioctius. 

THE METAL TURNER'S HANDVBOOK. 

A PracticaJ MonuaJ im Warkcrt at the FooL-LbiIlh. With over too rilti^- 
mtjona, > - 1 /O 

" Tbft isTKrk idLI t-B of kttLcc kUke ko tint ub&tau msiA thn aitiuii tumcr. It dEi^lajs 

THE WOOD TURNER'S HANDVBOOK. 

A PrKU«il Mumd fot Woikcis s.t ibc Lathe. Willi aret loo Illnsiralions. 

I/O 

" W« rBCDiujDend the bouh toyaunjp tumBn sitd anja.teiiH. A multiEtide of -mvfciThw |u^h 
hItbefEa «o[i|!Ile En vjun foir a mdEiiul qC tMfi i jncUl EndiLvtiy." — MiaJtaniai H'arCd. 

THE WATCH JOBBER'S HANDVBOOK. 

A Pfa^ricAl MAHiini on Clcju^inff, Repuj-ing, aad Adjustiiif. With utiwaidi- ^T 

laa Illu£Ua[!on& ... - - - . - .^ . , _ i/Q 

■^ We ■EiDOgl]' aiJiiLv tJllyaiinsfi'rwiEk&cQnnBcied wlUi Lb^'wateb iwlf i^ ^^qqjnud Rudy 

THE PATTERN MAKER'S HANDVBOOK. 

A PiBfiical Manual op ihc CoQ56nicl.ion of Patterns foi Foundeu. With 
upwards of loo JltustTJuioDS .-,._,, "tlQ 

"A IHOH 1-SjiillblS. Knt't In^t^rsn-jafcl" nuiniial forthP lUlHMH niakrf."— Jfrnm-feJee, 

THE MECHANIC'S WORKSHOP HANDVBOOK. 

A PrBcdiial Manual on Mecbamisl Manipulation, embracing InliM-mation 
on vaiious Handiiirafc Proc«ijes. Wiiti Useful Notts and MbccllaoBouB 

MtniarBnflB.. Coitiprlsitig abcrat lODSubitcts "I /Q 

" A vecy ciDVPE and Ek^tful bcmk, vliicb 41]du[l1 be ruLLUcT in Bvery warlubojl j and. i( ftifwlS 
ni».r>inljr £di3 j pEacE iQ all leclL[Lk-i] ^iilLDut;..'' — Saiui^ay fipz-te^. 

THE MODEL ENGINEER'S HANPYBOOK. 

A Pra^ti-dJi M^^iual on tb-t ConsttUiCtJ-oa of Model StciMn Engines. With 
upwards cf loa Tllusti2.uons. '.-.,._,, UO 

THE CLOCK JOBBER'S HANDVBOOK. 

A PiBcticsl Manual on Clcanine> Repairing, and Afl|iisi:ing. With upwanEsoT 
ISO Illu.str3J.ian& IJO 

"It Lb f-rtLiradmiiTjia EeJTicc ts ^ose connncDEfne the IraJc"«£iwfK^ jj^n^ttn^ 

THE CABINET MAKER'S HANDVBOOK. 

A Fracitca] Manual on the Tooli, Ma.Terrn!i, ApplaRnces, and Pra^WW* 
^tnpluy^d in CAlbiii.';t Wi^rk. With up^VordA of loo liriu^tTAUi:in5 . I/O 

"Mf, tlaqlvrlr'^ [hoTDEi||-h-ECiinjf ItrclB Haaiiybon^ is VD^D^ Ubt flWSl pfdt Lit-J Euido wc 

THE WOODWORKER'S HANDVBOOK OF MANUAL 

INSTRUCTION. 

Rmbracing' InforDiatiDn on tbe Tools, Malerials, ApplSajices and Pthjc^^:^^ 

Employed in Woodiraikini;' 'With id* lllualrallans 'IJO 

OpiNtoMs OF rue Phcss, 

" Writlan by a irin who knows, nolonjy how work <vug(i[ to ba dcme, Iwt how M dt It, udl 

" Mr. Ilasluck wnF£& BilEnirabLy. and Jjiv^ ccimpT^t? InsfTu^l^cRii," — EH^HU't 

" Mr. 1 [ 3^190];. raint^i!i|« T3l E .BTp^iiffnr^ <»f a prq^tKftl CvaCbCf-^ktblljt aik^pnlallrc aktU uid 

QFtanrllir kiiairl«dg* c( IXCCfl!^ I?{ lh» tCiW'^'l IFI«Cl1.SaiClUl, inJ Lkt mliiuillf liD marrcLi qI n lut 

can b« pMdurijI a( n pdpUlHT&ri!*.''— J[*iii(rnaiftr. 

" C°aiji#, ?l4iu-, and tirkGtl«L"— JslKpifa/ Rrvira:, 
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LESSONS IN COMMGRCB. 

By Professor R- Gahdaro, of the HoyBl High Commercial School at Geni^a. 

F^Jtcd juid Rcvjscd by JftftdES Gault, Profcasor of Comincrct bjhJ CotiLmeicta] 

Law in King's CoUpge, Lanrion. Second Edition, keyised. Crown Bvtj , 3/8 

'■Tlie-pubiishiirioJ ttiis wnrk hawn irmdemd cnoslitBrabie service Co l]]« cnii-ii«DJcoinmatd^ 

cducadcin bw cho cpportuno producdnn of [his yulumt . . , The watt it pecuLLuty iccepiibln lo 

Hi^luh rcarliere ancL aiL aiirrLinhlB -irlJlnon lu exJfcLn^tlJSS IxmVs. In a phrJM-, tw ilitnlc ili« wnrk 

fliBains iu abj?i::r In fumi&liing ^ UriHucinuELl oE tliuse Uuri -ind 'Cii&1uni<;^f>l biiii^ 1i;if[o lolth wl^lcLi 

(liB c-MiirnErcTnl inan inlpre^ceil [tiffpiii ^Jm-ulil Iw faniLlaar," — C^mttr ^CatHsnmr Titumaf. 

'* An invaliialxlt? guEcLr kt9 rtie bJtLdt^ ui chiSB wtio aie pjvpiEijLg lar a cDsniQEtcu] citKieT, and. 
In £ict, tbtf likriMnurlon i| coiLEoiii^ an matters of busini>sa BbOUld bik tmpm&ad an eveiy Due." — 

THE FOREIGN COMMERCIAl. CORRESPONDENT. 

Rcing Aitla lo CommcrciiiS Currf&pondencG m Five Liui^uagGH — ETigli^ 
Fruich, GErmarj^ Italian^ and SfKU1i^fa- By Conkad E- Bakxh. SgcodiI 

Edition, down Bvop dQEh , , > 3/Q 

"WTioev^r w[sh» to crjfKspciad lii -aJ ehe laaEMie«s £a«t^ned by Mr, Gulccr i:^uai do 

t«t1>flf tliAll«iJfJy tlii& TV'j^rlC. the iii^LcridL^i^rHflilth.aJc cjrteU^lii Uld <^ulii.(^iiJch.[ly Arrau^cid, iWcy 

(Qd^J^ rijL QfEaLEiic si|jc^liiLcn ktLiia» but — wtiat iirc faE ni-aro Lj«ful — aijDiE pd^AJi^b^^ aenLBntca, or 
pluBScs cAprcaiiiH the ^iama ^cnc-r'd I^Ie^ iai. vAjicaa fomu." — Ai^ittntrft. 

"A cBTEruL eiajmnn'liDn \3^ canvUh^cd ua Lhat Jl b unu^uoUy ^ciniplete, wcU luran^d Aod 
fclUble. Tbebaok ia a uhnfouehty ernrilHjictB,"— ^tAAiVJwu^r- 

FACTORY ACCOUNTS: their PRINCIPLE* & PRACTICE- 

A HaJldbook fm- At-^vjuntaikU and MniiUfo^Luicra, wilh Appendices en Lbe 
Nomend^aur? of MncJiint Dui-aiU; xhn Ijinome Tim Acts; ihe Kaiing of 
Factories"! Fire and ISutLer Insurance | the Fatlory and Worlc-ibop Atii, Sc, 
including aA'io a G3rj£<;ai5 of Term^ and a. large nunkb^ af !Sper;:ifin.en Ri^Iingft 
By Emit-s Garckw and J. M. Feu-Sl Fuurli EdiiioHj Rc^i^cd and EnlarEoi, 
Demy Sva, 250 pp-^. strongly bound ,._,,,,, i^i^ 
'*\ very liit«rKi1n^ OHtcrLptlv^auf UibrequlremetLEt of F^lory AcccunEfi. . . , TiiA prtncEplB 

of asstmUjitliig' tli-E l-accurj' Aci:uunL«;- to thn ^eiiejal casniEiBrcfal baals- Is ges which va iJioTOLif hly 

a^£Tee with."— ^rrpj^HJi^wir' _yj«j*->ifo /- 

" CharaciFrL^ed by nttraicB t}u:>iDi]Khiu.'&&. Than aid fEvoinivn of raDioifeb itlijj umii.'Li:! not 

■teri-vB BToat benefit fiom thn peni&al u J this mo5t iclmirabla woik,"— J^fffa/CMtfrTunttfrti C^lircBittJ;*. 

MODERN METROLOQV. 

A M^mual of the Metrical Units and STStcms of the prtsecl Cennur, With 

an ApprndijE conlaining a piopOKd English System. By Lowis D. A^ 

JaCkso:*, a. Mj IniU C. E., Autrmr of "Aid to Survey Praclice," ftc. Large 

CTQwa Bv-o, d-uth 12^8 

•*^Vf9 recnrimend. U» work u> all Inltmlad (n [he pracOcaJ refaFm of rjui -weiglits *in] 
ow^fuirsik.''— .Voru pe. 

A SERIES OF METRIC TABLES, 

liL wl)!^ the Brici^ Standard JMe^nres and Weigtiu are EooLpafed with tbose 
of the Mciiic Syaicm. at pie^cnt in U^c on tiic Coniincnt. ByC^ H^ Dow-ling, 
C.E. S^?, ^troDgly bourid 10^6 

"Mt, ]3iiinlln^'^ T^Uk ^ip veil pn-E En|;Etb« b« d nudy recliDnaT Tur Ebe conivrskrhi of una 

THE IRON AND METAL TRADES' COMPANION. 

For HxpediiiousSy AaccrtainJiig the Value of Einy GootEs boiLghl or toJd by 
Welett, frottL ii. per twu to iiM- pet £;wi., afi4 fforn one farthing per piiand to 
one shilling per pLHund. By TtfOMA?^ Dim-r<i£. 396 pp., iGLiher . . ^tQ 

"A miiei ii«cfu] id ijf cables, n^lkitislikfl Them bci-^rc erihtDiL"— fiuiUtnr jVrsjf. 

"Altliuujjha3>cdd]]y adaiitcLl im [tin liuQ and ibcTJiI tmdci. itbC tables wOl be A^mid usarul [□ 
«Voiy uUier business in vtiidi DiHEcbAndk>a b bcuElitand said by hcikEil"— .^liatrdj ^Vcaji, 
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NUMBER, WEIQHT, AND FRACTIONAL CALCULATOR. 

Conuining upvAfdj af a^^ooo SeparaL^ CaJ-culntions, ^bowing ut i> Glance tbe 

Value AC 433 Diffeient Ratc^, raneiiig frorn r+jt-h of a Penny [oior. eacli, or per 

cw-tn, w^*i i^jo pet tnfi, tJf Miy numbei of arucJea consecntivtjy, frotti \ W 47o> 

Any niiiDkb«r tn cwl^., qja-, and lbs., froni i cwt, to ^70 cwls. AnynQmber of 

tana,_ uwLs,, ^l^, £uid Ib^. Tr-vtii ; to i,poD tons, By Weu.IAK Chadwick, 

Public AccovMlant. Third EidiuDJip Revised, flva, sErongly bound . 1 8^0 

"' It Li m «fliy af rc^rmic* fur anyancwFf or ut number of •flnidirert as a dict^on^ry. For 

nuliiPEup MccuiiDU or f-arlmfliH tJ]^ LuAnk ieillvI pnxra Idvoiuabld |0 ^ vtiu have ■uiy-canSLdcn'bln 

quuinrri'i^CalHElDnfi EiivalTJrK; price .ind ]iiflz:>i.ui:r in any cCimblnjitJDn to diiB,"<— £jici>wrr. 

"Tbv DHHt peilecl work of t^e Iiuli^ ^el prppamil."'— vi/ajfmir rtrm^rf. 



THE WEIGHT CALCULATOR. 

Being £. Scries i^r Ta'blcs unoif t. New uid ComprsbetiiSive PIad, luibliitlne >! 

ont R«ri?r«nce ihe ej^aci Value of any Weight frcnt t Yh. lo 15 Ions, at ijco 
Ptogi^^iVc Rfttf^:^, ii'Sm lit. la i633. per owl., ^id cant^amg iE5,cdq DErrcL 
AnswiTi, wtich, with [heir ComTsInstions, consisting of a single addition 
{mcFSlBy io be perfarnted at ^sht), will affcrrd an aggrcgB.Ee of io,v6fi,ooa 
AnKWrrs ; ihe wnnlt bring cnli;iilai«i and designed to ensiire correpmess and 

Eromole deapalch.. Ky HeSk» Hahbun, Accouniant. Fifih Edition, carefiilly 
sTTtxtvd. Rgy^l Jv?, stronglj bHlf-bomid £1 £.(. 

" A pricdcfll and uMriul w>rl( nr r4;ferenc9 lor men oftRiEtneaa^encraJhr." — FranrnpHpir. 

'^ or pricciEeti vjjue to t>UElnH£u uieii. IE ji 11 aEcusary book la all Atrcandle offir^." — 

THE DISCOUNT QUlDH. 

Comprising several Series of Tables for the Use of Merchanis, ManuTHctiirB", 
IronntongEii, and Otliera, by whidi maylit sstertaintii the E»act Profit arising 
-froni dEiy riiu<le of ll^^in^ DiH^ount^, cither in the Pureboi^e oi Sole of GrM^$,fin4 
the metliod.af ciLhtr Altcrinj: a Rate of Discouni, or Advancing a Prite, *o as 
10 prwlu<:e, by dec opcraiiunj a giam thar will realise aiiy rei|iiired- Profit flftcT 
■llon-ing one ot more Di5i:ounl5 ; to »rhich are added Tables of Ptofit or 
Advance from ij id 9a per qeni,. Tables Of Discoum from il K 9SI pel «ent., 
and Tables o( Coramijnion, &c., from i 10 ra pet cent. By Henrv Harhkm, 
AccountsnC. N«w Kdition, C>arTect<d. Dtniy Svo, biir-battnd. . £1 6a, 
" A bmh iucli as tills ciui ^nl^ t>e iipprecij-l*!! tiy liLi^neB« tnen. To vrhain the MFing of time 

□wanfl saving of niDrkeyr. Ttie tviirle r^usC ptov* of gtvdt vaJuB to mareliBiiu, mflTLLi^rturgir^ sfid 

genua] Cruders, "— Bn'Jitf* Trade -yvHrwat. 

TABLES OE WAGES. 

^I 5^1 i'j 50 BfiJ 4B Hours per Week. Shoning llie AinovmCs of Wage.i; fnyai 
One quartei ofan houT tQ Sixty-foiir boursj In each cose at Rates of Wiiges 
advancing bf One Shilling &oia 4s. to 55s, per week, tiy Th-ds. Carbutt, 
Accouatant. Sguaic crown Svo, hidr-bound GJO 

I RON- PLATE WEIGHT TABLES- 

For Iron SbtphuHd-er^, EngiEieerSi and Iron Meicbaat% Containillg the 
Calculated Welghls:oF upwards of i^,odd diA'elent dzesor lion Plates Irgm 
1 foot by frin, by J in, to la feci by 5 feel by 1 in. ^ Worked oul on the Basis of 
40 Ihs. Lo tbe square fool of Iron of r inch, in tbigkneu, By Hi BuRt-iVEtDtJ 
and W. H. SiMrsoN. tto, balf-bound ...... d fii., 

MATHEMATICAL TABLES {ACTUARIAL). 

Comprising Com mutation and Ctrnvecaion Tables, LogariLbtn*, CelOEarithms, 
AiHilogarJihrna and RetiprocaJs. By J. W. GoHDOK. Woyal Bvq, raounCeti 
on cuvaE, in cloth csm. [JksI ftdti\iht^. BfO 
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AGRICULTURE, FARMING. 
GARDENING. &c. 



THE COMPLETE GRAZIER AND FARMER'S AND 

CATTLE BREEDER'S ASSISTANT. 

A Compendium -of HiishaDdry. Originally Wrilten by WtLLiAM VaUATT, 
Thirteenth itdicLon, entirely Re-imii'n, cgpsideralirv Enlaifisd, and brougtt 
np to tlie Prestnt Requiremrnii of AEriculiurnl Praciitc, hy William 
Fbeam, LL.D., Sieven Leciurer in the Uniw;rwtyDf EdLDborg-h, Auilioi' af 
"The ElEjncnls of AgricviUute," &c. Royal 8va, 1,100 pp., wilh over 
t;o lltiisttacioM, stiongly and lluidsoin«ly bound . . . £1 11a. Bd, 

SUMMAKV OP CQKTBHTS. 



BOOK 1. on THE VAR[HtIH9. GREBDING. 

REAR IMG. PtTTHMIHG AHD MaNAGE- 

KHMT 0^- CATTI.H. 
BOOK n OS THE ECOMOUV Ami MaM- 

«>GBMHNT Of THE DAIKV. 
BCKIK ni. OH ^HS BBHHU1HC KBARIHC. 

anh makacehent op Klir.sbs. 

hoqk iv. oh the brebtjinc, xkaring, 

«*[> Fattuvpnc op sheep, 
book v. ok thee bbpiedif^c, hilakinc-, 

AMD FATTSNHJC OF SWINH, 

booi: vi. on tii& uieba^ps op uvh 
Stock. 



Book VII, Oit the BREEdiNC. Rbahihc. 

Ann HANAGf:MEKD OK hlULTliy. 

Book Vlll. Lin fAsa uppices and 

iMT-LEMENTbi OP llll5HAKnKV. 

Book IK. urv thh Cul-TLiph and Man-^ 

AGBteEST OP 'GriA^^ LaWDS. 

Book X. iSk thh Ctjltevatjon awd 

AFPLICATIOK QP GRASSES, PtiLSB ANp 
JtfHlT^ 
BCIOK XI, dlf MANVRBS Ami- THBJR 
AF PLICATION TO CKASS MKp AND 

CjraP5. 

BOOK XII. MONTHtV CAI^WDARS 01* 
Fa EM WORK- 



*.* DnNiDNB cr TKE Pbbss dm teib New Ei>ition, 

*■ Dr. Fh3id] \i tv bv eongnlUlilcflimlbenicce^fui] attempt ha hu miLde n fflv« III 1 i««4k 
whtch wiU 11 onrc hE^oma the Amdird dadc of the fnim prurtira r>r thf countn. Wta bellBr^ 
that It wil^ he foun^ rhal it Ekadtha mtnpKH unoilip Eh« mrqny works 3t pHff-nE III HUIUlce. . . 
The Ull«tTnti«na ire aitnJrable, wtiUn Itvn fnnlMsplftCi Hjlirll r^MOiTili (he wUI-k&nwa bun. 
N*ii- Yeai'i cm, tT(-a by the 5i"«ipl«fl"™'r-"'f ="■"—?** «pw«, 

'^' Tlie boak, mUM re r«r.g[n|j;e^d 3ii .u:ru|Tyiiig tJl« pmuil [>«ltlail of tl>» IndM cihuirtlTB iruik 
□I rariivnce >A 1^ En2}U> Iiit|zus|!vi aii i)ii! sij.tj'^I wich which U tLealA."— XfAa»»n. 

"Tbc moll CDUEKlMBHVI) Cklid« 1° modcnv bmi prSCtiCt tEul uJs» In tlm En^lbhi iniLgun^ 
Ill-da^. , . . Tbe E)4okLi««ailoiiKlitN be Ml tieij' tu^ ud In LtiD libraiy archery Idiiil 
nimci. "— Wbt-* La 'U Ei^rttt. 

"in pDiian □! cKhftkutlToraeii Had Bccuracy the -work All! GGJtainly bulii a pn-remcneni uid 
undqup position Anaanf ^todVi tie.ilinit' *ritlB acientlFic agriCLiltucii] g>iacdt«, Ji U, in lacl. wa flfrkul. 
tural lllirarr of iuclf. ' — iVurM ffriVM* .V,-ri™^Iani(, 

" A cinnpcDtlium itFauilioKTmlvc anil ivi:l]->jiiJi:rtTi) knD«k<(iEBDii«vav conc^vfiblt branch oi 
tho *f-rk of til* live stocSc fafinbri. pjuluMy withokit an nqiial in Ihls di any Dtticr cuuQUy,"^ 

FARM LIVE STOCK OF GREAT BRITAIN. 

By Robebt Wallace, F.L.S., f.R.S.E., ftc, Professor of Asrifioltnre aad 
Rural Ecnniimy jn ihe Uiiii'crsiii' of Eitlnbursli. Thin! Edition, thorougbly 
Revised and considei.ibly tnl.arged. Witb over »ra PhaiDiypi» of Priite 
Slock. Demy ivo, 3S4 pp., with jg Planes and Maps, cloth. . . i 2;/8 
"'A Tvqll]r<:aniplc:[-P'ira3k ciriL Ilia hlsCGry^ breeds and nB^iEiA^mert otlhaiAna stock of Great 
Bflinlji. And one vhlchljk likely Co And iuwnv EQEiie siicLm'O'rcvcrv cuiuLtrv ECELtlDimrt's Ubmn." 



"Thebte§t edltlcjior*F4rTTiilive5tocI:«fCprKiE Rric^n' ^a pnidugeEan M» be proud Dl,uid 

ndewil to HGriciilturu. sclencfl."..^ 



Ufl liiu« not tha Irut of tbe ^crvlcei wbdcb lu autCrDt hu i 
S^eOisk Far 

" T4ie 4kiink 3j^ very a [tl active, . . , and »a can uzarcely Inmrlne the c!l.f9Cenr« H>r a 
1^1 like la tiavaa copy ari]ii& bcautlFUl Mill Tlieful WLii^t. — itfjr* LarM Hjt^^fis, 



farmer wtin wtiuld i 



NOTE-BOOK OF AGRICULTURAL FACTS S FIGURES 
FOR FARfMEHS AND FARM STUDENTS. 

By Pbimkosb McCoknkli^ B-St\i Fellu»raf the Hiijliland and Agritulliira] 

Society, .Author of " Elements of Fanning." SlutJl Edition, Re-written, Revisid, 

■nd gieatly Enlnrfrd. Fcap. Svo, 49o pp., ]eii.thFt, \J»i!t Puiiit'ktd. g/Q 

BUM>1A»V OF COHTEHT5 : SUItVEVlMC ANB LEVEl.LiNt;. — WEIGHTS AND 

HKASUREB. — MACHIffBRV A-ND BOItOIH'CS.— LABOUR.— OrekATloNS. ^ DBAIMIHO. — 

EklUANKrNG,— CBOLOGICAL MBHORANDA.— SOILS.— MANIJ RES— Cbopfinc.— CKOP^.— 

RiITATiONS.- WBEDS.— FBBOrHC.— tWIBVIHG.— Ll\'S Stock.™ HnRSE5. — CATTLE. — 

E H tnr.— ?l GS.— POU LTB 7i— FORESm v.— HiORTtCULTtl Rfc— MlS0ELLANHiJi;5. 

"No (jiimer, md eertalriy iin iigrtiultiirjl rtudtml, nnghtiob* wHlwunliia mHlht'M-in-fa»'li9 
ic:uilia! ct sQ subjiru ctinrkected with tJi? I^Lnn.^'^ — Jltjiriii SriPi^Jt ^f^^^^FHriJl, 

•■ThKilrnle pockol-bonk rHnlains a InTEB amr-cinl of memj inf»rilnU«li Upoil all lands of a«lS- 
IllSunl Wb>«n. Someining ol Hie kind has lung been wurMd."- Afa^r* Lam Jixfimi. 

" The HDeiHit ?< infgrmiLticn it CL.atani4 1; inL,;t wcpriiliiE I till aniuigBinen.t al the mitliti l« 
S'l BKCfiudkal— aUhouelis<>7'iinpKMiil— ai I-oi^ebiEe^iPjilbietQ enHyonewbo lKkeiAeUni«iluiiuKh 
lli pafEi. Thai' tBElA -lllj InfOPtiUlCn."— J'fHUI nfj A>MV. 
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BRITISH DAIRVINQ. 

A H«ntfy Volume on the Wtnlt of lh» Dairy-Fonn. For the Use of Teclmica] 
Instrucuon Claaws, Scudcnls in Agiicullural Colleges and th-E Wo ilting Dairy- 
Farmer. l^y Pmf. }. P. Shhldum. With llluslTatioDi. SecontJ RrilUioli, 
RtiTScd. Crown 3 vo, t loth. IJust fMiihed. 2/8 

" Ccnd^dtniEr Hciriiiiacjulad uaij4bNlJ IDxr-boDk cm dolcr fiuniki][»" — Agriatliurml Q^xettt^ 
" Pnitwbly ih* btffl iidF^ti-LvrnakEiiLLM] im dairy »ark that kuj ^et bten pHKju^ed."— ^^tt 

" II B >lae AoMwlas fitrlc votL-wg lu-Bftyat tcuDn theiiibJocL" — ZAtf Tima, 

MILK, CHEESE, AND BUTTER. 

A ProciiciLl HiUii^boirk on tbeir Properties and '(he Proccasca of ibeir Produc- 
lioH' Ifiduding aOa^'^ptcr an Civ^iii and nh-c Nfriiiods of it& SeparatloQ from 
Willc. ity JoH" Olives, late Principal aF tic^ Weaitm Dairy Jn^^iicuic, 
Berkeley t WitJl Cgluured Plaic;^ and ieaj ^liustratioDs. Croiwa Sva, d-OEb. 

7/0 

" Ac EibAOiHTC 4nd qaatfldv iin>ilutt|^>iL. It may batanlUAy rDccnuaciLied le ^3, iCudBnti 
4ni"l pffldtiiantn □' dairy iidvikcc-' —yiviA Bi-i/dsM Atrriatlhrrixt. 

'^We rmoQiiMnid tJhli ■(DrTCiim|>fB^>='^''^ BjitTtarcfLilly-wriL-tftJi bmk lo dAlTy-faimcn aad 
Hu-1cnu uf dBlTyInK4 It is d lU^iuute ac^uUJCiim (c ttic l^hcnfy df tJke Bfiifliltuii^t"— -^frfcMiVHraf 
-iHuyar. 

SYSTEMATIC SMALL FARMING- 

Or, The Lc5*i>n5 of My Ffirnt. Eleing an InlrodiipCtioD to Modem Fbtih 
PrMiice for Snuill Fanners. Ey R- Scott UypK, AuLhgr r^ " OtotUnfti of 

Mod'Trn Farming," &t. Crown Ovu, duth^ B/0 

"Tikub r3jc pGiiiutiUrtv^E huirk i^liU tlii^b w* It^vD hOd, 4nd -ano whlCb vmy uUilfiur famieff 
vlll n^J wiLti [iiltMaLiiv* oLbti riv^^CiiL A^ pi ^aihW."^--fie!'i, 

OUTLINES OF MODERN FARMING. 

By S^. SCOTT' Bi^irN. 5i>iL&, Manures^ snd Crop?^ — Fnncsng and Fatining 
Kconoiny — Cd.[{1c, t^bccp^ and Hotscri — M<uiaH:cinEnt of Dairy, Pi^Sp tind 
Poulify— UilU^M<3i^ gf ToM^T)-i>t*age, Irrigaiion, ftp, Si*lJ? Edition. Ifi On? 
Vol., 1,'^^^ fp-r lialf-'bound^ profuacly [Ilu^tral-^d i < ■ . ,1 2^0 

FARM ENQINEER[NO, The COMPLETE TEXT-BOOK of. 

Comprising DraiDing »nd Etnlimatiiig j Irrinaliou aniJ Waier Supyly ; Fariti 
RoiLas, FcEiccs Exud G^tr^ \ Farm BuiLdiDga , Qotd IjiL[jlciDBnt5 aad Machine^; 
Fi-t^lil livip1(?nienlq and b^Dcbines \ Agiiciil I ofsJ £urvey!riE, itf:- By Profedsor 
joHM Scoi r. In One Vol., i.iso piJ., half-liouncl, wilh over Boo Imislrfllinns. 

" Wrlll«n with jfFeBtcara. ss vrrn AX-oAGi\SMtm\t\li^r. ,anJ iCiiUty. Tbe 4iilFit)i lui dona lib 
WDfK 1"^ ; we liikut lJ>Lind him a vpry txLisCiwnTiLy guide ivIiciEVer W4 Itjve IcticU lik '^uibideiiil 
The VdliiEEie w^LL Ew of ^reV v.i]iia ic aBfnniliiir^ ^cudEikts. " — Atarli Ljnt A'':i^*'Eif. 

THE FIELDS OF GREAT BRITAIN. 

A T^[-Bouk of Agriculture- AdapL-ed to [hv Sy^lUbu^ rjf the SdeaEie and 
Art Brpajtment. F-ar Elcmcntury and Advanced Students. By HtriiH 
Clsmsnt^ {E^Oprd of Tr^c)- S^J^^uid EiiiiicFOj ii.eviEed, with. Additions, 

iSnio, cIcKih 4. . . > . . 2f0 

^"ll Sati li^n^liii]-? since we lia*e seen dEncik which lias plcflsod as moiTt qc irh^ cuotains 
lucli a VruE &rL'J U9c:ful fund uf kELUwIedgr."— j?c/ucdA>qai Tut^f. 

TABLES and MEMORANDA for FARMERS, GRAZIERS, 

AGRICULTURAL STUDeiHTS^ ^URV^YOR^. I,AND AQ^NT*, 
AUCTIGNEeRS, &c. 

Wich a NewSy^iitm of Farm Book-keeping. By Smwirv Fhahcis. Faurth 
Edition- 273 pp-^ wqiitc^fl^-pr^clccL si^, Jimp Ic^cb^ . ^ , , l^g 

'^ Wclijtiinkf L^'^ ilun t nc. and oeciijiylni^ no mate spaaic ihdna inati:Ii-bni. It E-aniniiEu a nuss 
of facU-iind iTUculJtliiiss whiclii has i^e-^i' he(Bi™, in tucli lumrly rorm, Swin DlM^iiiuibllit, E^ery 
mwindon mi tJ-it f^rrriL 14 lieJklT witli. Ttit? w.ick rruiy t# t^iken 2.^ [Ikcifoughly nccurate, rhe 1V^^1Le i>r 
tfiB tablm having hutm rovl^d by Df. FreaeiL We euciJiJiEy raconimend it,"— Beffr ii'tcJtty 
Missel '^t^^ 

THE ROTHAM^TED EXPERIMENTS AND THEIR 

PRACTICAL LE550N5 FOR FARMERS. 
Pbii I. Si'OCU. Port li. Cui]l-£. Uy C- J- ^- TiPPBB. Crown $vd, clotl), 

"'Wb Uavc no daubl that tti-^ tnvb wUJ bo nvkimed bf alusg tU^ADf bunanand ctherb 
DtoifflBtqdLn aijrEeulthira.'— .£Mi4W^ 
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FERTILISERS AND FEEDING STUFFS. 

A Hnndborik l.ir :he Practical! rarmfr. By BtRNARfl Kykk, D.Sc- (Lond.). 

With L^? T>?vi of tb< FcniiiKr& And Fvcdme Sniffa Act Chf ffiq^. &4l liiid 

EdltioE, RewLstd.. Croira Bva. cloch, U"*' PubiisJitd. 1/0 

"TTiJs Uialn bonk Is pinihtlir wbat li ynrfesws ri* tnv=.'A HnnJhiDofc for Ure- Fraciiciil 

ForiDci-' Dfj Driir hiia cIlidu tiumrrK £Dcd 5PTviEa in pfucln^ ai lUcir m^'[ioul wi much ubidij] 

taTannatEDD Id io inldtiEiblD a fiiniL,"— TA< T'i'mtj. 

BEES FOR PLEASURE AND PROFIT, 

A (juide la the M^uiip Illation o€ Be^^^ ike Fr^uctiOQ '^f HOQ^y, ftod the 
Gcnc-ToJ MmiagenLeni of ihc Aplarj, Ity G- G^Rjdqj' SAM^^on. Witb 
jiginerouR lilusunitiHns. O-OWn Bvo, gfa(h l/Q 

book-keeping for FARMER5 and ESTATE OWNERS. 

A PracticiaJ Treaii**, pr&ffniing, in Tluree PI.111&, a Syttem adapted for nU 
Ctuisu of Fai-mS. _Uy JOUNSOK M- WCiODMAW, Cliarlrred Accounlaiat- 

Sffcond Edhiun, Rtuised, Crown Svo, cli>rh boaitU, 3/fl - ^t ^^^th ^inip, 2/fi 

WOODMAN^S YEARLY FARM ACCOUNT BOOK. 

Giving W*eW2y Latour Account ajid DLiiryj ind showing the Tticom* BJtd 
Rjtpt;ndiaiilrc_unJcr ^sact DcpflrtlirtctH nf Cro|i^ t-Hve Slock, Dairy. Sc.. &C. 
With ValuatJoTi^ Piofit and Lots Account [inil Bal^nct Shm at the End of the 
VeAT- Bt Johnson Mh Woodmak, Cliartcrad Accoynlant- Second Edilarjn, 
FoJb, hairTiounU JTe^ "j/g 

" CtmEeina Hvciy Ecqukhii fanu for kocping fBrnL iccaisoEii rBmdllj' ind iccuralELy."— 

THE FORCING GARDEN. 

O7, Haw to Grrw Enrlv; Fruits, Flowera and VegtlAblen. With Plans and 

EiiimaiM fur HuildLng Gla-vshousss, Piu ind Frames, With Illuqp^piions, 

By Samu'bl Wood, Crown 8™, dott g/fl 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, Hew W Grvw y?e*tpiks, Treiw, and flowers, By R. Wonn. Fcurtii 
Edluon, wilt considemblc Addilionii, and nuniProus EMu.siraiions. Crown 

Bto, cloth .,..., aig 

"A veryiftMid bnnb, and nnfl id Im UgUf Kcootmended ua pncrirHl p4dfl. TtiE piacEiLdl 
dlrectl^Tunreeicelli-itT."— .^jAffKmm. 

MULTUM-IN-PARVO QARDENING. 

Ot, How lo Make One Acre of Lflnd prodii-cc i£6ao a year, hy (he CiilLivntion 
Cf FniiU ind VcgiCtabJes ; aJswi^ How to Gi^ii* Flowt-ls in Three GIasa Houses. 
H} OA to realist jC'I*^ P'^ anfuuitu clejir Profit, By S^wuffL Wood, Auth^T of 
■■ GtiOd Crflrdchjrtff, Sec. Fifth ajid Cheaper EdilioH, Revised, wjili Additions, 
Crown Bvo, sewed . - . ^ - 1/0 

"We are bou^id to rccirinmcikd It u noi caly saiTrd to t^i* cjiaeoftCie :LniAEefir anxl^nEtH- 

THE LADIES' MULTUJW-IN-PARVO FLOWER GARDEN. 

And ADiAteuT's CompLece Guides hy S. Wooo. Ciown Bvo* clctfa . 3yS 

'^FllII rjX^hffeiTL^ IsinFSAml u&eM InntmcUraiiK. Uji^^ cr □ UfetiDii-c u f eiparl-enrBc"^— fnif/ffHH, 

POTATOES: HOW TO GROW AND SHOW THEM. 

A PracHcB.1 Guide to the Cullivoiion and GcneiBl Treatment of ihc Potato. 
ByJl.t*iNC. Crown gvif 2!0 

MARKET AND KITCHEN GARDENING. 

By C. Vf, Shaw, lain Ediloi of GarJf»Jij;/JJaitra/ed. Cloth . 3,'8 

"TliniQD5t valuable cBmil-findluin nf Idlcliaii and iuiirkrt-BaT<1en wi-rlc iBublLihcd."-— V^drJBtfT, 
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AUCTIONEERING, VALUING, LAND 
SURVEYING. ESTATE AGENCY, &c. 



THE APPRAISER, AUCTIONEEIt, BROKER. H0U5E 

AKD e^TATe aO£^T ANDVALUER'APOCKCTaa^I^TANT. 

For Ibc VaJviiti'i^ ^°r Piir^faA^;^^ ^iIe^ jf R^neval *^ l^tasrs^ -^IJinQJtica,, a3)d 
RcTTTVoiu, uul of Propeny ^^n^Tallr ; with Pnca foe IitT^ctiria, ^c-. fi^ 

JOKM WmpFLEK, Valv«f.-£c' 5J3tcbEdiuQ<t.Ke-WTitnauid£rMdr£3[£uid-ed 
5 C. NoKEi^, Slitt^m, YalToer^ &c- Kayal jmUn clodi . S^Q 

"A D^ -dod coisdaii book of it&n&cc ccretaJniDr an wlBdnUe aw] deu^-4rT2iierd Us dI 
pn^ far bi«TVir7riei« ahL ■ VBT poctk^ fuide- r] dAeiQiiiK ttic value of jbndrBff^ 

"•f'TiilMJi- T Tt'T' ifWULj itf ■awuaiid ih«^ oLbinHAikA A ta tfafi valudtiBa fen pqrch^iB. 
■ik, or lUH-HjJ foif hwcB. wimiiUu vnd ipvKiMJUi. and oT pnipBCr EQwraHrL vili] pdccs frit 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Caunsd for tht Yaong Anctroncer. By Robeh^ 
Si^iTiPBs. AtiOioDeci. Second. Edidaa, Rcvued and parttf Re-TiitLcc. Dciny 

Svo, doih 12/Q 

"Tiac Kand^ird tm-boak on die topfaaf rhkh h rmti^"— ^f^>wic>K 

"Ttir watk k one tvf E**B9t oonUcot cbanclcr, ukI givB mncfa iaFannftrkm. Ut ■ cmn- 
pcodlDuB and taii:^aciofT fixiia^'-^Atififrv: 

"Mt bs ncamOHiiilaii b aMnc a VRdl dcil of taJciTVUtktP- on tbo Ikv fvlalla£ to 
AnctkHncrc. bk ■ vkt^ ivbiIaUa IbrtiL -^-itAV TjthjI. 

" AactHHHHQ SHT In cmcnlrclUHd on uvbiE « plaidnff mfrcrto mlniilDff tioEfjttir spocW 

INWOOD'S TABLES FOR PURCHASING ESTATES 
AND FOR THE VALUATION OP PROPERTIES, 
rnclu-ditig Advov-ions, Aj^iaraiice Policies, Copyholds, Deferred Anniuties^ 
Fnceboldap Ginoiiid Rsot^ ttamcdialc AnFmitica, LcaAcLold^, Life lotcrata^ 
Monngei, PerpeLukic«^ RcnewaJt of Leau^ Rfvcraicnu, Sirjcing FuDdn, 
Ac-, etc- >stb Editioiii Revised and ijEtendul br WilleaM Schckslinc 
F.l^.A,^-, wiEh Logafi>dun5 of Natural Numbos ana Thdvav'^ LogariiJitnic 
IzAtenu and. Annuity Tables. 356 p^t Demy Bvo, doLb. 

\Jvst fiviUsked. rfft QjQ 
" TbnK ibEensttd In Ibe purcbue and lale oreitatei. and In the ul|uscineDt dfcjiaipciicaikin 
casB. a vpU u in -EfAuacdau ta uaniLdev UTa Udunacei. S:c. mO iad ttte preaeni sdidnn .of 
eminmi: 5«rvlcp/ — £ vr'iuiu uV- 

'"Inwodd'c TjB1s4' «iia n3;iliialii a miHt sLvtiblp mpuialiaQ. Tlic Tkew Iman ha^ "baen 
enriched by Lu^ jddLEiDn^ coniribniiDDs by M, KeiloF TliaakAEip wluifa candully ^ran|r«l Tibl^ 
cannoi faEI lo^eorOie utnjost iitiiitr-"— JJiJifn^ yoii*iiflt 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A traciicd Handbook on the ValQaHon of Landed E^cates ; mduding Kule^ 
and Dflta Uir McMuring ajBd_ Estimatirie ihe Conttn*54 Weight? and Vulno o( 
AgricalturaJ I'radiice and 'Timber^ and [be Valuer of l'''eedLng' Stuffs, Manure, 
and Labour* with Farms of Tenant- REeIh Valun-ii-ons^ LUt* of Lcical AEncaJ- 
EUToi CiLatom^ 542aleg of Compvo^ijcn under the Aericuliaral MoJdlng!^ Aci, 
&c,, &c» By Tom Brioht, Agii[;ukL[TBi Survic^nn Second Edition, Enlarged. 

Crowp Svo, ciotb ...,..,'.... 5/0 

"-FliU Gf lablG« jnd v AmpLA on cannHtiiJi wtih iJie> valuatitm of len^ol^B^t. «sla[««. bbcjiUt 
CDQTBi9i5Ani^ wTljrlii^ cf tiinbBr, jnd f^rni prudui'E* rtr.iU I[ind5.'' — JfTiJul/uinf f fTBiWar. 

"An etniniBncI^ piDLiLii^jJ Eidndbuak. fuJI iil pniinr^al t^blq and diCaDifLaidniibCed inrBrenmd 
waioK in flurv«yi>K umi mciiangen m prQ[tar1-iig v^uaCL?ns of iill lands-"— ^.amwr. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical HuidlKnlc on Escini3.diig ibe Cost of Farnklng'^ Hvnovatinf^, 
ImprBviiiei and Crulibme PlsntaLiGinE and UndErwaoda, ilisii Valuation Ti»- 
Pucpose* of Tcwigfer, Rencnt, Sale or Aiiessratnt. By Taat Bright. Crown 

Svo, eloih 3ie 

"Tr vaiiirra, ftroBBK uri njetiMtt will b* « »tl«*ftioali"'— A's"i'AiPWft(*.rfrr*w/f>.rijt 
" Well calrulHvd ts aplH Uh nluei In EhC idiKUaiKn ar bis dulln, and Df imilBii btml UlBtBH' 
«i«t UH bMlh IE mrvqi^n And luettWAuri La ft^pmiiaf Tajiuukm of nil \iai^"—KirU Ucraid. 
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THE AGRICULTURAL SURVEYOR'S HANDBOOK. 

A ColiiprchftCVsWi: Manila! af Pisx^\csi Rules, FQimulx, Tables, ziid Data, fur 
rbe TJ^e of Surveyaj^^ El^Este Agents, Agricu1ti]rii^t>«, r^incSowneis. and otheij; 
int'Gre^ted In tile Mon.^ciOcliC,. EquJpificnl. or V^lMtlDIi Df LaiiLleil E^tal«. 

STow Bhicht, J^licultnraJ Surveyor anj Valuer, Author of "TheAari- 
tund Va^iier'a AjGHi&tviI^" Ac, PdcKfil-bDok size. 

Wiarfy Jitady. Price aiixii JIQ 

THE LAND VALLIER'S BEST ASSISTANT. 

B^iji.g T^tiTtft on a vtry pinch loLproved Plan, for Catculalmg the Value ^f 
EfiULiea. With Tables far redudng ScaEth, Irish, and Piovincial Ctasiomiiry 
Acrts w SiRlttt": M^flsare, Ac- Ky ft- Hm]t43M, Q.^. New Ki^nion- 
Sopal ^TcnOj Leathtr, cEaatic tmid . . l - j ■ u j 4^0 
"OflncdlcuHoibac nalLiG eu ilLD^oiiniry gentlcnkajL andi>rejrGe£{ondiiun.''— ^^thhtj' J^nal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Compn^ng P'ormiilas, TaJilcSr 9ud Mcitn^ranilfl rei^iBrred In any CompulBUon 
relaxing to the Permaitent [mprcvcrntiit of Landed Property* ByJOrtW EWAJci", 
Surv^yof. &nsuid Eldlition, Revis>pd. Royal 3amD^ ublong, leattec - 4/0 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Wcirks bijuntj iDgsth-er. Leaiber .... 7/a 

HANDBOOK OF HOUSE PROPERTY, 

A Populair iUid Practii:al Guide [o ihe PLLTcha.w,_ Mortgage, Tcoancy, and 
Cump^l'^ry Sale aZ Houses sjid Land, IncEuding Dslapidaiions sind t^ixturc? ; 
wiih EiantpJea of all kinds of Valniiiii>n5, liifucniatioji on BuilJing: and on ihc 
rieht use of Ds^^orativie ^t. By E. L Tarbuck, ArehiieeL aijd ^urvnyoTr 
Suth Ecladon. ismo, doth _ . . . i , . . , Q/O 

"Tba advTce ia Ihoroughly pracidcal".— £irw yournal. 

" T'ar al] whc bawfrdcilmus *ilti hoii» propprt^, tliis i^ an indS^prTi sable jcuidc."^'I}rcirraiiaa^ 
" Cjir«fullv bcoLiEliC up lu iliti^, uid mach inr'oved by The addicioc g? 4 divbbn nn Puie 
Art^ ... A trcU-writiEik and diuuehtfLil woT]L."—LitniSj4^cr3Cs Jift'vnL 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM- 

A Handbcckof Instruction wad Coans^l for ihv Y^ung Jo«rnalisi. ByJoifN 
]i. Mxctct^, Fellow ofthi^ Ini^Etiure of jL>uTnaLLst§^ CrowD ftvo', cloih 2/0 

"Tlitft invalunbtp^uidd toJuuinaU^iik 13 n uruik wLkli aC asiiirouLi tu ajuumafiadi: carret vil 
read with adi'^niige,"— ^aurftjjYiiJ. 

tlANDBOOK FOR SOLICITORS AND ENGINEERS 

El^gaged in pTomoiing PriwaiH Acts. of PijLiUniDrnt and ProuifiJDiiuI Ord^ers for 
ihe AuthorijaLion of Railnrsyi, Tramwairaj Gas ond Water Works, &<:. 
By L- I-|viNGSTONt MACAS5EV, of lie Mi<lil!e Tempb, BarriiitBr-.il-Law, 
M. loal. C.E. Svo, cblh ......... £1 ^,. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

CompUfld ff»r (b& Ui^e of inventops. Patentees and others. By C- Gh Mi 
HARoiKciHAM, Aa^oc. Mtm. Inst. C,E., &t:. Demy 3vd, cloth , l 1 ^S 

CONCILIATION* ARBITRATION in LABOUR DISPUTES. 

A HtsToriE^al Slfelch and Erl^f S[aiejneal al the PreseaL Positian of fh^ 
Quesdon M Hinnc atn3 Ahtoad. By I. S. JEaMs, Aiilhor of "Enghnd'i 

SnpiBDmcy," &o. Ctpwn Svp, am pp., eloih ,,,.,, a/s 



EVERY MAN'S OWN LAWYER. 

A Mantly-ttoote '-■' '^' Pcinclplfs of Law anii Equily. With 9. CopCM" 
iJiciion-Tiy ul I..ee>l Tcmu. iij A Uarbi^TBS. Thirty-sixth Edition, carc- 
ftilly R«vit«I, uitl Including Nenf Acu oT PaiHament of 1S9S. (Ti^inpruitig 
llie Bctejica Act, tS^i (inu vl/«»nafi! (iVoncait/onKisfsi Act, rSoS; 
Jof^riuM A't, /ib*; Criminitl Efitfrna .111, iSifS; i^acciHatir»i A-rtt vjttf; 
i'dwriBiiC' '^'^'i '■&?; brsjdej (he IVarbrnirm']: Cent^nuatiam Act, 4Sq7 ; 
inftmt Lift F-vittiBt Act, iSf?: I-iinii Trmaftr Ac*, /ft?. *V., &H. 
Jttdkial Btcismu Jnrimg ike year knit aha itrm duiy itaiid. Ccown 
!w, TSo PP- Priw B/B (*»vk| »t every contultiMion 11, itrursly bcuud in 
elolh- y>"i^ Pmiiishtd. 

Tltt Bopit aUI bifewtita campnst {.(HH9»eit othir tnatttry- 

THB RrCHTS ABU WHONr^ Cli' t^nIV10VA^_5^— UNDI.OKil AMU THNANT— VhSBOKS 
AMD l*UHCHi5»H5— LE*SBS »Wn McmTCAGHS—PKniCIPAl. HMD AGINT— PAHTKM115KIP 
HUD COUfiRIHS—MASlfmS. SRKVUNTS AMU WOHKUBS— COJiTKACTS AND ACKEiiMBNlS 

— BOBnt-WflBE, UeSllKKi AMll ailKBTIHS— SALE A^D PtFWCHASH: Of COOIIS— CHHOU0S, 
BrU^ AMD NOTF-S— HILLS Ole S *LH--H ANK (r U nCV— RA I L WA V AKD SmppiKC LAW— 
LIHO, FtbO, AJBtl MAttlM*- IWJiy HAWt B— ACCJUtLST AAD FjIltLI FY 1 W^^lKAKCE^CIUMryJAt- 
IJlW— PaKLlAUENTAIlV HLfirtlONS— Cofml" CdumCILs — DiSllLrCT COVKCILS— fXHlSH 
COUNCILS-MVWICIP*!, Ct'llPOBATIOds—LJHEI. AKt) Sl-ABDHR— PUBLIC KEAtTH AND 
Ml)ISA«Ca»— CQPYBICHT, PATBKT^. T»"II£ MASKS— H IISSABIP AKD WIFE— Dn-tlJlCE— 
INTAIKY-CUSTOPV OP CH1LP«B!>— TXVSTSSS ANtP E.'fSnrraKS-CLB.RCV, CHtTBCU. 

WAHDBWS, &c— Cams laws Ami SFPBTir«a— niNKBaPEins— koxsbs mn Docs— taxss 

AITD DHATW DUTIBS—POBMS OP ACRXHMBITrS, WILLS, CODICILS, NOTiCES. *C. 

£«■.' aild !«»«)> IrtU-^^tni/. nt/arttfBsnUli. v^lii f~*fH!iBwa! ariisUta a Itrl aJi-ia, Thttt 
an maKf wrtHf b«W fnmriai wAuA frrsmi HAftnii jB y^-BM h-il Ir turn lAn-ueh ntl 

iMwytw'r tjffrt as V Itunj Mil. II I/* f*ii SbjA •? *^m h £r )ir!ln-tj r*ij mbht a S|X-ANti, 
ErCUTPHSCHiM^fv JOTM'.- wHiiya wrflHy JTiMjlfrf; tniHr-i •ii.Ac rriVaijwn/. irui^t a Jm 
tttit avtfi^Jd ,- aKS^ianyttn rvi-' jHalfd 7Ar *wi-* Ayij tirjA.'tth^J ttit'/ as tMr rlatufarti feeai 

InawTl rttiai»i at a i$iu«.i /rp.^ .aw litmrtrs, »A* dx ^iaij ^ ,b»> at JianJ a wtr» 

Ol'lHIONS OP THB PRMSS. 
"lb It tcwnplclt EpJent Eniriiih [ jfr .n-lnpn in plain DaiiEiiaei!, which nil tin unrlMsEinfl. 

- . . ShGuLdbo in ilialbinilj f>f erciy bujjuBtt mjiL. Hid All whQ vWi tc Abolkh ivt^tn l>au."— 
My/Aty i'ijmis. 

" AiLMful ardtuTiLaa epLtomeof Hinhg, CGmpMp! nithcoiuJilcrilfcc.iiB. —[jsai Mufoiiiu. 

■■ A tnmnk-re iligeH of I lie iiiua moful lacuwlilth ccniUtuie EngUili taw,'— Clalv, 

■'TBt! taCdWfll tADdbASL. , . , AdmiiabiT dang. gdmlralM^ niranpgd. Mil MimlrjUf 
tliMp-" — taiir Mtrettiy, ' 

■'A<onelH.ebnp.UdCaid)ilEiEcpltarnB<>r tbc EnztliEi Uw. 5a pUtiOr mlnei tliaitwirtaa 
fflmxifflr ^*ftd, MidliBTplinrgjdfl may midergfaad. " — figv rti^ 

■ 'Ai'lctlanMy'»f[«g]r«lii.^LI|jui ir»ee»i<!r. Thr book li i ™i» usnMnoB."— 5^i«»«r, 

THE PAWNBROKER'S, FACTOR'S. AND MERCHANT»S 
OUIDE TO THE LAW OF LOAN5 AND PLEDOES. 
Wiih Ihe Statutes and a Digcti QfCases. By H. C, FoLKAHn. Blimstn-al - 
Clolh . , . a/8 



hav, 



LABOUR CONTRACTS. 

A PopdJ^nr Hsn<!t(wli on (he Law of CoMtrftttB tor World uid Sem'cQ, By 
David (iiBBOKi.. FourUi Hdicion, wiih AppendU of Sintutts hy T-F. Uttikv, 
S.pl)iHl>»r, Feap. Svo, cloib g/g 

NUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(l979-l8i>l). Toi Ihft "Use of Mnnurju;tur.cri and MonngErs. By Emiu 
Gascke ond J. M, Fells. (Rcprinied Ehjin " rACTORV AecOL'KTS."! 
Crewti Svo, sewfld ^^ 



■KADBUBV, AOHBW, gl OT, Vp,, PMNTBXS, LONDOH AHD TOHIkllKB 



WEALE'S SERIES 



OF 



SCIENTIFIC AND TECHNICAL 

WORKS. 



"It IS not too much to say that no books have ever proved more 
pripulnr wilh or more useful lo young tngiheeis and others than the 
excellent treatise compiiscd in Weale's Series." — Engiaeer. 



Jl jaefo C[i;iasaifit& list. 



OlVIL ENQtHEEflINQ AND SUFeVEVinS 2 

MiniNQ *.HD Mrr*Lt.uc<av . . .a 

MECHAMJCAL ENDINEERINa . ... A 
NAVIQAnON, SHICBUILOING, ETC. . B 



rjkar 



AROHITECTUflE ANCt BUILDlNd . . a 

INDU3TRIAI- AND USEFUL ART9. , p 

AORICULTUHE, QAHOEKINO. ETC. . ]0 

MATHEMATICS, ARITHMETIC, ETC . ID 



BOOKS or: R^EREMOE *.na MISCELLANEOUS VOLUMES 



I* 




CROSBY LOCKWOOD AND SON, 

7, STATIONERS' HALL COURT, I,ONDON, E.C. 
iSgg, 



4 WEAI.'E*S sniENTlFIC ASD TECHNICAL SERTE9. 

CIVIL ENGINEERING & SURVEYING. 

Civil Bngineering. 

Oy Mi'Si;v Lr^w, M. Inft. C£. Indudb; a Trcatl'^ on Hvi>ra(;lic 
EsM^h'i'Hu-irj l>y li.. R. HjRHKi-i^ M-l.CE. 5cvcnt>i Editiou, rcuisrd, 
with Iae!i:r An'iJiTio.N!; by L>. K. Clark, M.I.CE. . . G/fi 

Pioneer Bnginefirlu^i 

A TrenliH od ihF l!:ngineeniTe (JiKTatlniJS cn4inct;E«<I Wilh Chc Scttlcfnent Ol 
Waste I^nds in N««r C^uniriEi. Ry Edwahu I>un!ioM, A.l.CFL Wiih 
niinicnoii^ Plates* Second Prflition ...... 4/6 

Iron Bridg'es of Hoilera.te Bpan ; 

Tlicir Cronsiruciio™ and Eiccilo[i. Vy Hamjltok W. Pemjrkii. Wiih /a 
Jllii..lriliLi|i!i ,,-,,-,., . . 2/0 

Iron and Steel Bpidges and Viaducts. 

A PrAciii:uI Troiii^ up^fi tliclt^ Cati^iri:i.'iioT) for cht n'e of EneinBerit, 

Drauqlil-mcn, arid Siiiilerti. Wy f''K*wci5 CiMViM, C E. With nimieiniis 
] lliulratiunj [/uJl Pul'lithed 3/6 

ConstFuotioiial Iron and Steel WTovk, 

As applLt^d to Public. Private, and Darnell ic B^iildingiu lEy FsAMns 
Campih, C.E, . , 3/6 

Tubular and other Iron Qlrder Bridges. 

DesGribiD^ (h« Driliiiinia ^n^ Conwaf Tubular ISridj^es. OyG. Dln'SE^ALft 
Dhmp5sv, C.E- F-nuttli E-dition 2/0 

Materials and Construction: 

A The-arelicat ar^d Pra.L"licu] TrtiLli^vS on the Scraqna, Dt^nLgnlug^ and Ercc- 
lion of Wcrks or Ciuiitniciion, lly Fkahitis CAMrrN, CE. . 3/0 

Sajiitarjf Ififopk in the Sma.Iler Tawna and in Villa.^es. 

By Chah.es S!.i\oc, Assoi;, M. Inst. C.E. fictntid Edilion 3/0 

Boads and Streets {Th^ ConstructloTi of). 

In Two Psria : !. Twx Art of CoNiiTKlnniNc; Cohuiih Road^, by H. 
1..A1V, CF... Rrvvatd by D. Ft. CLAkSs CB. : J I- Rt^ckht Pp^ctuh : In- 
cludinB P-iveniBnl'; of Wuod, Asph.ille, elc- By £). K. 1.:lamk, C.E. 4/S 

Gas Works {The Gonstruotion of), 

And ill* -Maniiragiuhe and PUtriboliDn <}\ Cftil GciS. By E. HuctlB.';, CE. 
Rc-wriiirn by Wiujam KiCHABDS, C.E. Eighth Edition . . 5/6 

Water Works 

For the Supply iff Cities and Town?:, Witli a T^KCiiption of ihc Principal 
G*6losi^i»l FiJrfllfttitififl- -nr England as inflmncing Suppliesof Wa<ei, By 
SAiniEt, Hu(;iiH!i, F.G.S., C.E. Etihr^cd Editiun . . . 4/0 

The Fower of Water, 

.A^ ppplKd M drive Flour Mills, and to gi¥e inolwinloTii.rHrtBSAnil olbcr 
Hvdmsinik F.ngmes. Ry JosHFH Gltmn, F.R.S. NewEdiitlDn . 2/0 

WeLlB and Well-Sbiklug. 

EyJiKIN r.ffo. SV.-IKPELL, A.R.I.E.A.,BpdG. R. B"MHai.L,C.E. Rc-H^rd 
Edition. Willi a New Apprndiion the QuaJitiesof WaiM. Illiisnated 2/0 

The Drainage of Liands, TovniH, and Buil^lngB. 

rty G. D. DkmfStcv, CE. Revised, with Itirge Addit-ions on Rcceri 
Pr3':tice, by U K. Ce.ark, M.l.C.E. Third EdLt^ioo . , . 4/^ 
Embanking Lands from the Sea. 

With PaiLJculars nr.ittiiiil Embanlinieiiis, fl;i?. Py JnitN Wiggins . 2/0 

The BlfLsting and Quarrying of Stone, 

For Buildire and iillicr Fiirpoiclv. Willi Heiiijrfci on the Blowing up of 
Br!(ls», Rj- Ceil, Sir J. 1Ji;kc.qvkE, K.C.!' f/Q 

Foundations and Concrete Works. 

With Praciical Bpmarkt on Footings, Plaplunj, Sand, C«1tT«le, Efiuirj, 
Pile-dirt vine, _CQi3MHM, and ColTenJam?. By E. Dobsojj, M.H.I.B.A. 
Seventh Edition ' ■ . 1 /Q 



weale's scientific and technical sehies. 



Fnenmatics, 

]n[!!iidii]g AeiMiiitHH and the f'henQoieTia qV Wi'nd CLirrenu., for 1^4 Uk Of 
llei;inncrs. By CwnHi.ES ToMLiNSON, F.R.S. Faanh Bdiiian . ^IB 

£.and and Engineering Surveying, 

Fut l^tudcitl.'. uid J-raclica] U.'ie. HyT. IIakiir. CE. .ScVcnlunth Edition, 
ReYi^^J rird h"x[ ended by F. K_ DiaoN, A_M- In^t. C. 1l^, Profe^sinnal A«so- 
ciaieoT ili^ limtiiuiioni of Siirvsyui-s. With nrniierou.i I liiisitfiti<irt,s nml iwo 
Lilhogrjp'iic Pl.ile-. ij»cf fiiiilishiJ 2/0 

H«nsara.tion and Heasurin^. 

l"or StuJenis Qnd Pritiical Use. Wilh the McnMiiation and LeviHinx of 
1.1111(1 fur the purpose-i of Modem EngineeHiiE. By T. BAlfEH, C.K. New 
Edition hy K. Nur.EVT, C,E- . | /'S 



MINING AND METALLURGY 

Rudimtnn o-r. By A. Ra>isav, F.CJ.S, Third Edition, icviud aiiil 
enlorgici. Waod-;ii|* ami Plai« _ .,..,,. 3/16 

Coal and Coal Mining, 

A Ruiliincticnry Tftiitise on Uy ihc lute Sir Wabihgtok W. SMVTHt 
F.R.y. Seventh Hdition, leviicif Slid riilmcEcd 3/6 

Metallurgy of Iron. 

Containing Melliotl^ of Akh/, Analyse* oT Iran Or**, Proce«MS5 of Mami- 
factute af ImiL and Slvcl. Kr. B^ N. BauERMAH. f.G.S. With numeroiu 
iLluBitatloTii.. SiniJi Editiuib, rtfuweii an.i enUrgfil .... 5/0 

The Mineral Surveyor and Yaluep'a Cocnplete Guide. 

Uy ^V- l'iNTE.Rr4. Fuiirtlb tiJitiQn^ with zn Appendiston Mj^gnvtic und 
AiiBnl."" SiirveyinE 3/6 

Slate and SLate Quarrying : 

Scientitic, Practical, anii tTumnefcial. Bj' D, C, DAVlliS^ F.G.S. WitK 
niumerQui Ilk'sltiilimi'v (ind Kyltlins Plates. "I'tiird EdiUun . . 3/0 

A First Book of Mining and Quantifying, 

With [hi Sciciites toiinectcj ilicrcwiili, for Primary Schools and Self Jn- 
;:tri^^fioni ?y J- f^- Collins, J". tl.S. S-econd kklitioD . . -1/6 

Buliterraneous Surveying, 

Witli and witho'ai the MAgTiciic Needle, liy T, Fkcwick nnd T. Bakbr, 
C.B;. lIluMralGd 2/6 

Hining TddIb. 

Manual of. By William Mofc;ahs, I.scturw on Pncdca] Mining at tha 
Dri^iul School of Minca ....■-.■> 2/6 

Htnin^ TqoIb, Atlas 

or F.ngi^vings to Illustrate Eh« sbovc, contaimnfi 135 flluitnitioiuof Mininn 
Taal3, dmwn 19 Scbk. 4M 4/6 

Physical Geology, 

Panly l-asciL nn Majnr-GenemI BdHTLOCK'S " RudinteilU trf Gto\ozy" 
iiy Kalp-ii Tate, A.L.S., &i;. Wooilcuti 2/0 

HlHtorical Geology, 

Partly bas^d or^ Maior-G^neral Pgj^TLoCK** " RuditDCDtL" By 1<!al^h 
TATt, A.L.S , &.C. WDDdcuis . 2/6 

Oaology, Fhyvic&l and Hiatorlcal. 

Con-.lMiog of " Phynical UcohiHj'," which wis forth the Leadiru Principles 
of thi; ^cicnci:; and " HUtorical CeoloKV," whit;)! trinls of ihe ^llnsral uid 
Organic Condition? of the ECarth at eoch succcwu'e epoch. By Kalph 

Tatr.F.G.S 4/6 

B l«otFo- Metallurgy, 

PtTiL-tically IVcalcd. By A1.KI:ANDB.S Watt. Tenth Eiiilioil, ehlaf£cd 
and reriM4r IncludinB the most Recent Proce>.'«( .... 3/6 



WRAI.F.'R. RflENTIl^lC' ASD TECHNICAL KRRIES. 



MECHANICAL ENGINEEf?! NC. 
The Workman's Hanual of Kngineering Dravrln^. 

lly John MiXrON. Iii;lnielur in liiiginctriiig Draw-LnR, Koyal Naval 
Ci'llcgCj Grtcjmicf], Scvcnih KJUlrjn, jno I'l^tcs and. DiEigr^iiis . 3/6 

Fu«lR : Solid, Liquid, ajid Gaseous. 

Tlii^ir AitaJy^is niid VaJuatlon. Foe ilie U^+c of CliemiiU anil EiiKineera, 
f!y H. J Pini,i,n"«;, F.C.S,, forrnerlyflunlyiic.il and Uniiiulting Chemist 

Fuelt Its Combustion and Economy. 

Cnn^i-itJnE of ar AbridRnicDtof '"A Trcplise on the Combu^CiciM of CoaJ and 
[he Pre^cnUQn of Smolie." By C. W. Wh.i_mms, AJ-U.[i. Wilh Ivxlen- 
sive Aildiiiont by D, K. Clark. M. Ian. C.E, ITiird Ediiion 3/6 

Tha BollermaheT'B AseiBtant 

In l>ni««iiJK, lciii|ilaiiji(;, :iii,il LLiitulaling Bsiliy Work, 4g. By I, Court- 
^EV, PrMLicil Boilermaker. l^diLeJ by D. K. Claiik, C.E. . 2f0 

The Boilar-Haker'A Ready BBa^Oner, 

With Eimniilcs of Proctical Cromctry and Tcmi.iliilir.g for [he Use o( 

Flatsrs. Snuibs, aod Riveters. By John Cduktk^v. KdlCcii by D. it. 

Clarc, M.I.CE, SKiuid Edition, rcvi'>cJ, wiih Addliionii . 4^0 

•,■" TkrJnsi tvta Werki in Out IWnmt, Ait.lf-^tiHii, gtcliUid " The K011.E11- 

mamfk'e RaAUV-RetKoNtts. anu Assistajit," By J, Cotjriwbv aiid 

D. K. Cl.AKK, PrictJS. 

ateiun Boilera : 

Th>:l(Cn[i^tfui:iiiinan4 Mi^riagenieiil. By R. ARKS.TitDHC, CE. Illii&iriited 
Steam and Machinery Management. 

A Guide 10 Llic AtTangcnient and Rcoiioraiiiil Manngcuient of Machinery. 
By M. PowiE lUi.B, M. In5i. ME.. , , . . 2/6 

Steam and tha Steam Bngine, 

Sialic II jry JD-d PoFiabti?. BeiPkg an I^^AE-rn^on cif the 'IVEarUe an ihe Steam 
Knftinc g( Mk. J. Sbwbli.. By D. X. L'LAhK, C.K. Third Edition 3/6 

The Steam Engine, 

A Tceaii^s on llie MalTiematical ThcaryoF, with Rplijwid ExUliplel fw 
Pmctical Men. liy 'I'. IIausr, CE. 1 /fi 

The Steam Engine. 

B]' l>i. LiAiiD-Mi^Ei. Illustrated 1/6 

Locomotive Ein^ineB, 

liy (j. O. DEiitSEW, CK. With lafge Adiillllaiii iTsatinK of the Modem 
LiKonintivc, by D. K. Ci.at!H, M. Insl. CE. ..... 3/0 

Looomotive ISngine-Drivlng. 

A Pmctical M[i[ni:il for hraineors in charEC ofLtJirorlolive EiiCinea. By 
Michael Kuvkolu^, El^liih Ediiacn. ^, fu/. Jimp ; cloth boards 4/d 

Stationary Bngiue'Driying. 



A PraL-cical ManuaE for Engineers an charge of StBhonary En^nea. By 
MicHAE'- Rp-VFjrii.ri'!, Fflufth Edition, jf . ISA lijnjl ; cl-ath iHHtill. 4J6 

Tbe Smithy and Fov^e. 

IniliidinG ilie F.irrier'? An and Coach Smiihin^. By W. J. E. Ckamii. 
-Sstand l-jlition, riivi.^cfl 2/B 

Uodarn Workahop Practice, 

A<; appLitd tr^ Msinne. LiLnd, and Locomotive Engines, Floaliiki; Doclcff, 
Drcdsiri! JMachmes Uridgcs, Ship-build iikg, &c. By J. C. Wiwron. 
Faiirtii Ediiiom, lUii'irati^rl . 3/8 

Mechanic^ Bn^^lireeping, 

Comprisinj" M^Ialluvgy, Mouldm^, Ca.icirig, Fotging, TonU, Workshop 
ItBefiinefy, Mcth^nltil ManijmUtion, ManufaciuTf of thf Sicm" lincine, 
&C. By FsAKti* CAMl■l^, CE. Third Eclitioii .... 2/S 

Details of Machinery. • 

Coiripri'.inE In'^iruciians for Ihe Esecnljo of vatiotis Works in Itan ita Ihc 
Fitiing-Shgp, Foundry, pjid Boiler-Yard, FkahlI!!. Cami-ik, C-E. 3/0 
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BI«nientAry Bngm^orin^ : 

A ManUuil far Vuu.ng Mtirini! tln^nvert And AppFei]lipi:e§. In (hv Form of 
QviBBtiu-ns BhiU An.liiret/i an Mculfl, Albyn, StretietH <i( MaieriaU, Ac. 
By J. S, Bhswhk. Second EdiiLon 2/0 

Fo^er in Motion : 

HoTse.pu)v.-cr Moibr, Too i lied- Wlierl Ginrins* Lraij; anJ Short Drirhie 
Bimi]>., Angular FeriiK, &c. By Jamus AB«qU«, CE. 'i'lljnl EtlilJUH 2/0 

Iron Rnd. Hea.t, 

Exhibiting the Principlci con-ccrncd in the ConUriictba of lion I!eaiD4, 

Pillai^, AFiJ Girdtrs. Uy J. Aamouh, C.R. 2/6 

Practical Meahanisin, 

And Machine Tjoif. By T- Bakhk, CE. Widi Renmrks on Tqola and 
Miitliincry, by J, Na^ihvthb C..E. ■ ■ ■ ■ i ■ & 2/6 

HechanioB : 

UeinE acancise ETpssUivn sfthv 'Gwcral PrincipleiBf Meduni'Ciil Science, 
and thdr Applii^niioiis. P.yCiiAKi.E* Tomlinson. P.R.S. . . 1 /§ 

Cranes (Th6 ConBtruction of), 

Arod olUct Machinery for RaUinK Rcavj BodLca for the JLjcctLun of lluiJd- 
ingiiSu:. By JosKfR C4.VNK, F.R,5, 1/6 



NAVTGATTOM. SHIPBUILDTNG, ETC. 

Tbe Sailor's Sea Book: 

A RudimrnLary T-pcatL** on NavigaliDa. By J^mhs fiiiREr^vvuOLI, 6,A- 
With nutneroui Woodf«l-' and (^loursd I'tates. New and BUUrged 
Edition. ByW. H. Ro5iHK 2/6 

Ppaotical Navigation. 

Confuting oF I'Hb SniL^H's SeA-BOfiK, by JambS Greenwood nnd W. H. 

Rni,*^[£H ; tOfjecher wuh Math rmaU cat and Nautrcal Tallies for [he Working 
or Ihs PiobEein^p by HEtrrtr Lsw, C.H.. and Prof. J, R. VouMG . T/0 

Navigation and Nautloal ABtronomy, 

In Th=(iry and Practice, By Prof. J. R. VouNa, New Edician. 2/S 

Mathematical Tabile*, 

Kor 'I'iigonoLTielT3[::il, AelronomrcrLl, and T^faiELical Calcul^^llon^ ; lo wSiich is 
PrcllJi^ a TrcaLisc on Loi^aiithin.^. ]{y H. LaW^ Ctl. To^ctllfrr witlk a 
Series at Tah]e« Tor NairigaiioH and Naulifal Astrononiy. By ProtcRsor J. 

K. YouKn. New Edlii.].n . 4/0 

Maating, Mast-Malting, and Rigging or ShipH. 

Al^j Tatlei of Sparfl, l^iygJ-Tig, ]-ilucliy ; L'lisiiii-i Win;, and rlomp Rnpe>, 
Bit., tdmivc m every i lass oF vessels. By KijHitHr Kiri-iHD, N.A. . 2/0 

Bails and Sail-Haking. 

Wiih DranghtinE, and the Centre of EBhrt of the Sails. By Rubekt 

Kii-MSJC, N.A . 2'6 

Marine £!ngineB and Steam Vessels. 

By R, MuHRAVf C-E. ELighth Ediiion, ihijrtiughly rrvbcil, with Addi= 
cianF. by th; AmhQr nrd by GaoiiGB CAraiSLE. C E. . . . 4/S 

Iron Ship -Building. 

Willi Pranical Einrfiples. ByJoHM GlulHTKAK, FiMi Edition . 4/0 

Naval Arohit-eoture : 

.■\n Kipo^irion of EScmcntnry Prinoples. By Jsmbs PtniiK , . 3 '6 

Ships for Ocean and River Servioa, 

IVnidjik'-. iif [tic L-01'.-^ I ruction cf. iiy IJAKcrr A, .SoM M bkpeldt . 1 'g 
Atlas of Engraving? 

'J'tJ lllumniii^ ihu ahnve- Twelve hrpe Tiildiiig Plai«. Eoyal ^to, cloth 7/6 

The Foi^ms of Ships and Boats. 

By W. Bljlko. Seventh EdiEion^ revi^cd^ with numero-n^ 1 1 1 Li^tration « an J 
Models . 1 /& 



6 WEALE'a SCIEXTIFIC AND TECRNTCAL SKRIES, 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Construotional Iron and Steel Work, 

A:i applrrd to Pci'blLi:, Privace, and Domc^li-c lluildiug^ By Fir an'ciJ! 
Cami'iw, CE. ,,.,.. .... 3/6 

Building EHtatsB: 

A Ttcaiisc on thr lIcvdapTiicnl, Sale. Pinrrhosc, nnrl Managcmcnl of Build- 
jngj-^nd. Ey ¥, Maitlan£j_ ^i^ond Kdition, re^'i^ed ^ 2/0 

The Soienae of Building; : 

An Klenirntary TrealaM un the PriDLLplcs ^ CoD^tnjctiarL By E_ WTfKI> 

lUM Tahm. m,a, L<jiid, Thinl EdiBon, reviied jjid eaisrued . 31Q 
The Art of Building: 

frFatmC Priniripli^ uf Con^IructLDn, Str-CDElh, ^nri Ujie of MaleriaT^ Warking 

Itiawiiif^, Spedriciciun^, &«. By EDWARD Don^oji. M.R.I.B.A. . 2/Q 
A Book on Building, 

Civil and Sls*l*iLMticiil. By Sir Epuuwb Bsckbtt, Q.C. (Lord Ckim- 
THonrE). Second Edition ..... ... 4/Q 

Dwelling- HouB«B (The Breotloh of), 

I Uiuii FiUcil byn Pi!r^[ieci:we View, Plan-c, sintl Ssaionso-fii Pairof VtlJaF, wilti 
SpcciScaiiDi], QuoDaticSft aoiE Eatiicates. Ey 5. H.. BRo<kK-s, ArchiL-eci 2/ J 

Cotta.g;e Building. 

Bj- C. Bhucp Allen. Elevenrh Edkiun, wilh Chipiei cm Etonomic Cot- 
lOec^ lor AllQtmtrils, by E, E. AllBK, C.E. 2/0 

AoouBtios in Relation to ArohiteoCupe and Building : 

llic li4wA OfSouTid nsapptied [□ the Arrange mi^n I of BuildiiB^^. Ijv S-'^ro- 
fr«*orT. IJciGi>ii SuiTH, F.R.],B,A. New Kdiiiuii, Rcviied , . | /g 

The Rudlmenta of PracticaJ Brick laying. 

CcnfrnI l'rinci|j[ci jf I'.i'iL'kliiyin}; j Arch l"Jrawin[^, Cuciliie, and Sccting ' 
Poiiiiiiig; Piiviiig, Tiling, S:c. IJy Adam Ham.mij'ili. Wiih aB Wo icuts 

I/ft 

The Art of Practiaal Briek Cutting and Setting. 

ByApflM Haumqhp, With 9 Engravings . . , , .1/5 
Brink iBork : 

A Praciical Trealiie, embodying the Oeneml and HJEher I'Hnciplos dI 
Bncldaj-iiig, Cuitinj; and SeLtiog ; with the Application or Geometry to R(x]f 
TLIitiB, St ByF. Walkek i/g 

Bricks and Tiles, 

Riidiniemary Treajise on tlie M^ajnifHCture of; conliiniisi an Oullini- oF the 
Priiidplc? of Bridle malting-. By E. Doason, M.R.I. B.A. Adjiibns bv 
C. To^lLl^so^■, F.R_S. niuscrated , ^(Q 

The Practical Brick and Tile Book. 

Cojnprising : BaicK >Hn TlLB M^ifLMG, by £. DqU-WN, A.t.C.Ii:, ; Prac- 
lical BmcKL-AViNQ, iiy A Hammohu ; Bhick-cuvting akii SKTriNi;, by 
A. Hammovh. 5S°PP- Willi T70 llJBStrauaus, half-iiouiiil , QjQ 

Carpentp;^ and Joinery — 

Tilt Elsmbntahv PuiNcifi.ifi OF C/^aFKKTw\, ChieflycoaipMEd from the 
Sumlant Wurliiir'I'KrjMAsTBFuiioiLP C.E. Wiih AddiiiaD&,and rBEAiiss 

as JOiMLnv, by E. W, Takn, ftl.A. Sisib EJitign, Revised . . 3/6 

Oarpenipf and Joinepy — Atlas 

or J--, I*1j.ics [o atcompiLiy ami Illustrate the fOTeBQing tiOiik. Wiih 
IJ^striptivB LelleiTirtss, ^lo . , ^ . . ^ ^ . S/O 
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A Practical Treatise on Hajidrailmg ; 

SliaMriijig Sew and Simp i: Mcihiida. By Geo. CoLi-irfG^. Secondl £cti[ion, 
KeviEHl, ipi:liidiiig3 "Ii!1^at(ss Off Staihui'ii.uih*;. With Plai«* . 2/6 

Oiranla.r Work in Carpentry and Joinary. 

By GHcihiiE CoLLintis. Stcond Ediiion 2/6 

Roof Carpentry: 

l-'raciii:^^! l^^'^ons in the FmniinK a( Wood. Roor^. For the Use orWarkinE 
CarpctiLi^ri. By C-Be, Collinc^^ 2/0 

The ConBtruotiDn of Boofs of Wood and Iron; 

Deduc4?il cl"iieily JroLn ihe "Workb of kublson, Trcd^ulrl, and Humber. By 
E- WvryijiiA.M TAhM, ^I,A,. Aiubjlccl, Second tduiuii, revised . 1/6 



The Joibta Hade and Used by Builders. 

By Wr/iui. J. CiiKisTr, Archilicf. With i6a WooilGijla 



3/0 



Shoring 

And hi A^plicnlian : A Mandlioolt Tot Ihc Use of Smdentti By GeoKCK 
H. IJLAUiiuva. Wiihji ll(i»tr»tiens , , . , . .1/6 

Ths TlmbiQir Importer's, Timber ISeFoliaiit's, and 
Builder's Standard Guide. 

Hi- K, ]■:. Ghawuy 2/0 

Plumbing: 

A 'I^xl-Uook to the Practice -of the Art dt Crail -dF tli-e PluiubEr. With 
Clnpicir,-. "injii HiJiisc Dninige and Vemilfltlon. By VVji. Patom Buchan. 
ScVciilh Editii^n, R«-writt<:i3 an.iJ EnliirgfJ, with $06 lIlusLialiS'iiS • 3/6 

Ventilation : 

A'l^KI Bo^kroth^ PMetiW grille Art of VentilalineUuLldings. By W. P, 
BucHAN, E. p., Aiuihoi of " Plumbing," Sec. With i;c> II lustration t 3/6 

The Practical Plasterer: 

A Cuikiperdiuni i/T Pln-Ln and OrnaincDtal Piaster Work. Dy W. Kemt 2/0 

House Painting, Oraining, MaFblLng, & Sign Writing. 

Willi, 11 Cutir.^e <jf F.l<:iiL4?ncary LITJist'iiij;^ and a Ctkllection of U^ fuj Re,;eirst!;. 
liy ILi-Lis A. Davilj^u.'v, ScvcLitlj Ediirjon. Lolumcd Plates . o/O 

*.* The abevc, m clolk doxrdi. ttmitgfy imniui, 4k, 

M. Grammar of GolouriHig, 

Applied irj Decorative Psintiiii; wid the Arts. By GaoKsa Fiblb. Nov 
Edition, enUrged, by ELLlii A. DftvilJiiiiM. With Caluu red Plates . 3/0 

BLementary DeoDFa.tiDn 

.\.-,:iT'f!i'''lLaI'w«11l^igHQuses,&c By Jambs W, Facrv, llliuimed 2/0 

Practical Uouae Decoration. 

A ULiids M lilt An uT Ori;a:iieii'aI ?r>inlme, ih* An aiii;e>tL*Bi of Culu-urj in 
ApartiudiiB^, JJid the ]:'rijiii:ip]e:h of Decoraiive Design. By James W. Facev^ 

2/6 
•,» TAe itiit ftw U^erJtr in One luinifiame yp/,, ltaif-iiyf"i, tutiehd " Housb 
DacoRATioff, ElkmH-ntabv anu Phaciilal," /Inlce 51. 

Wapmlng and Ventilation 

or Dljilicii^: and Palilic [tuildiDgs, hliau, LiglitliDaKS, Ships, Kc Bv 
CHAU1.BS TUMLIN^d!!, F.ILIs. ,.,,.,., 3/0 

Portland Cement for Users. 

Ey HgNHir F.ieja, A.M. Inst, C-E. Third Edki.in, Correcled 2/0 

Liimes, Cements^ Mortars, Concretes, Uastic», Plaa- 
taring, Ac. 

By C. i^. L^L'KNULL. CrE, Itun-HQih Edition . , . , 1/Q 
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HnBoiiry and Btone-Cutttng. 

'L'hc Principlc-f i^f MkiMjiMc Pii'i^Liiun and their afiplicaEifin to Constru^on, 
ByEnWARu Doiisoji, M.k,[.t;,A. . . . . . . . 2'6 

Arches, Piers, ButtreaHeB, frc. : 

Kspf riilicnliil E'snyi on the Prinriplc ol CnliRlTudliflli. By W, BlufcHO. 

Quantities &nd Mea^arementa, 

In BrJL'kliiyrr-.', Ma*n-n^', I'ln'iirrpr*^ Plumltcrs.', Painrrr^f', Paperhiingcr*'. 
Gilflprs', StniilK'™ Carjieiiisri'iinili Joill'!rs'Wofli, liy A, C- JlEAiON J /S 

The Complete Heaaurer: 

Selling foi-Ih ihe Mcji^unmeitt ^Boniils, Gl«s», Timber and Stsne. By R. 

HoKToH. Fifth Edition 4/0 

*,■ Tit afiavi, itnitgly (■amtd In Itmiitr, frite 5*. 

eight: 

An LntK^uctinn to E^c Science of OpcEtis, Dt^igncd for tht TJ&c □FStudcflts 
of ArcWlBtture, EiiUlnMring, nnJ oiheT Applied Sciences. By t. Wvnu- 
HAJii TarMi M.A., Aulhor of'Tlie Science of lluililing/' &c. . . 1 ^6 

Htnta to Young Arohitects. 

liy GwiMt Wir;irrwic«, AN;hit«t:c. Tiflh Edition, revistd and enlarged 
hy a, HirsKPSSON Gtiii.LMiWH, AruhitBcc ..,.., 3/S 

Architect uFfi— Orders t 

The Orders and Eheir <&iClictLC Prinri^iplcs^ By W, H- Lphtis, nia^lrnltill 

1/6 
Apohiteoture — Styles: 

llic History and Dcscripiion ot ilie Styles of An:hi[ccliirE nf Variuiii 
CoitmrHM, rmm ihe EarlicM to the Preseiil Pei'ibd. r.y T. Tai.iiot lltuv, 
F.ILI.BA. liliifitraleil 2/0 

',• ORDBRS ^flp 5TlfI-ES QF AUCIIITECTUHB, Iff OhiT VcL, it. 6J. 

Arehlteature— Design : 

Tlie Pilii.i:i|ilis iif D«il|^n iti ArchisecLuie, ws duSudblo iVom Nalurq nild 
ej[emp[ifi-ed in ihe Wurkii uf llhc Gretk aitd GcEhic Arcliilcds, IJy fCtiw. 

Lacv Gaubhtt, ArcliiiecL. lllu.'.LraiBil 2/6 

•,* rAr ikrre fireittiin^ Works iit One handTomt Vol,, kAlJ ttVndt elititttd 

"MOQCBM AhCHITHCTUBK," ^'''CC 6j- 

Perspeotive foF BeginnepB. 

Adapied i-iiVuiiiig Siudaii* and Ainn,ieiir^ I'n Archileciure, Pamiing, fte, 
Hy SjECIHliK f'VNE 2/0 

AFOhitectupal Modelling in pi^per. 

tty 'I". A, RJCHAltD^^^^. Wiltii IlIu^tj^Lliun*,, ergr^vpd by O. Jewjtt 1 /S 

QlaBH Staining, and the Art of Painting on OIoas. 

From llie ■.•cruian of Dr, Cesj^brt and 1£manu[%l CIttii i''iiuMDHiio. WiU> 
■n AppciiJis ati Thk Akt uf KNAmri,[.iNO ..... 2/B 

Vitru vlus — The Ardhitecture of. 

In Ten Rooks. Tnir\la.ir:Ll fruni the Lntin by JuSErH Gwilt, F.S A,, 
F.E.A.S. With 33 Plates ......... 5J() 

N.B. — This is Iheivih BA'tion e/ ''J xtrvviu^ firoctirai.'c at a mederait prtcf, 

Crooian Arohiteotare, 

All liii]Lairy imto ibc riintlplcj of Ucakn'y ip. With an. RhiloriEigl Viewof tHe 
Ki-B iiriJ I'rojjies! of the An in Grtece. By llie RAUL OP AUERDineM I/O 
"«• Tkt rtiW /h-cci-^fins H'lrrXj in Ont Jtaiii{sBn.c V0L, half hmitd, tnliilid 

"AwtlBHT AnCKlTiCTUtlH."' ^rilt f.J, 
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INDUSTRIAL AND USEFUL ARTS. 
Cement&t Pastes, Glues, and Gums. 

A PrarELCol (julde to the MarLula^cEure and Applicali-Dn of the variau^ 
AeKlulirinnt'^ raiuirtcl fur Wurk'ilinp, la-horntiity, or Ollio: Use. Wiih 
ypwards of nno Rfcipetand Formula, liy H. C, SrAMUAGa . . 2/0 

Clocks and WntoheB, &iid Bells, 

A Kudimciiisiy Trcati'u; on, I'j' Sir Edmunei Bkckktt, Q.C. (Lord 

CBiMrHurii'E:). Seventh Jiidition 4/€ 

The Golds m it h*B HAndbiOok. 

Combining fiilJ rnsirucliorii. in the Art ol Alloyinf;, MeltinH, ReilacinXi 
Colnurin^, ColEenting Eknd Kefi[iins, Rr^avery of Wa.slrj So-liEeTfi, Enamels. 
Sic, &c. liy Gr<-b<;ii E. fli'-K. Tfiirit tdUion, eulirged . . , 3/0 

The Silversmith' a Handbook, 

On ihc ^Lfinie plan a^ the f>' ilu^mith's HArLDnoi^K. By George E. Gbh-. 

SecDDd £dJtii»n, Kcvintd , 3/0 

*,* T&ff tnst tivff It'arks^ an Onf hjtfifisflmE Val. , h^l/'bou9ld^ -ji. 

The Hall-Ma.rkin^ of Jewellery. 

Coiiiipniir.g an ati-uii'it of nil ihc ililTtrcnt A53oy Towns of Ihc TJniCcd 
KiBi^'iiim; wiih \M& StJirn^^: ^ind Lnu*^ relating to [he Sland^rd^ and Hal!- 
Mavk- at i}i= viirlcuii .l5vty OdVci. Jiy Gehhih E. GuE . , 3^0 

Praotioal Organ Building. 

By W, r:. Di^^-^ON, a[.A, 5c<:and EdlLJOD, R±vi^ed, 'AiEh Additions 2/6 
Coooh- Building: 

A PiactLcoJ "Iri^aiiEe, By J AM HE W. BirHGESS. With 37 1 tLusUsiions 2/6 

The Brass Founder's K[a,nual : 

[n 1.1 ructions Tor MoilElllitiE, Pattctn Making, Moulding. Turning, Ac. Bi' 
W. Gkahak 2/0 

The Sheet-Metal Worker's Guide- 

A Prikciii;:;] Handljoiit; far TinsmUtii^, i.'cippcr'^inithSi Ziticwarkert, Ac., with 
46Binemmi. By W. J. E. Chake. SrtuiiJ Edition, revised . 1/6 

Sewing Machinery: 

Its Coiisinitii'jri, Hi^toiT, fie. With full TMtinicsl Piwetion? fo' Adjugt- 
ihr, Rc. By J. W. Ukqohakt, C.E 2/0 

Gaa Fitting: 

A Praairal HandlioDk By Jcihm Black. SECOnd EdUi^n, Enlarged. 

With I JO IllU5II!ltlCn5 2/6 

CoTiBtpuotion of Door Locke. 

l-'rrjni [he l^aiicisdi A. C. Huim.'i. E.diieii by CiiABi,e? Toiir.iNsnNj F.R.S. 
Wjth a NqIc up^n 1 Kuw %hVV^ hv Kijukbt Mali.rt. Jllimirated . 2/6 

The Model LocD-motive Snglneep, FlFeman, and 
Engine -Boy. 

CiiniiiTiiitifi ii[i HisLuri»l Noiice *r ch« Pioneer Locomotiwe Knglnes and 
their ] n Hilton. By MiCHAEi. Bhsnoi-DS. Second Ediiiun. With 
numerous IPlii'itraliorLi, ajid POTlriil of George Sl<ph*ns«n . . 3/6 

The Art of Letter Painting ma.de Easy. 

Ry J. G, Baijenocie. With ts fi.ilL'|i!igp Kiigramngs of Enamples . 1 fB 

The Aft of Boot and Shoemaking. 

Includini; Mea^urtniuiu, l-i-iL-hitii.g, CuiiiiLg.oiii, Clodngaral Milting. By 
JOHiJ IlKtjFrsKD Leku. With numerous I llnstrBtieiU!. Third tdiiion 2^ 

Mechanical D'entistry: 

A PraciiuEil Trpaiip^e i>ei Hie Con*;truction of the Various Kindi of AiTitfici:^! 
Dcniurcs. By ChablsS HuNTKh. Third Edilioft, tevised . . 3/0 

Wood Engraving: 

A rt.-Ltii.:ila.nd lii^y IiiiroJin^tiflntetheArt, HyW. H. Brown . 1/6 
Laundry Management, 

A KaiidLooJ; for Ll'ie in Private and Public Laundriei. lacludlng Acconnli 
of Modmi Macliln^ry and Appliantci. By tht EdITOK of "The J».-"it>Hry 
fpqrn^,'' With nuiiieruiji I lilu^l rations- 5 ecoad Edition . . S^P 
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AGRICULTURE, GARDENING, ETC. 



Draitiitig and Embanking: 

A PiaciiLal Trrstiir. fly Prof. John Siutt. 



Witli GB llluslTaLions f /Q 



IrpigKtion 9.ni Wftter Supply: 

A I'laccicii] l'rv:j[ise on Water ^lea.doivt, Sewage IrngBlion, Warping, Ac; 
on lUi: CutiairuLt(<:>n vl Wdll«, pLindB, Kcicrvuiia, &C. liy Pral, John 
SccrT. With j^ lllLulrinians i fG 

FoFTii Rf>aila, Fences, and Oatea: 

A PmclLi^l 'rrc.iri» en the iioii^, Traniways, and WatefH'a.y-; irT the 
Farm ; ilir Principles of EnijlcaarcB ; iml iliic difFeriiiil itinils of Fence*, 
UatGs, nnd Stilts, fly Prof. JaiiM Scorr. With j^ IliuiLratiou . 1/6 

Farm Buildings : 

A 1'r.iiriii.ci" I ci:ai[5con iho Buildings necessary far vnriaus kinds uf PArnur, 
their ArrATigtiriitnt And Canstruciiun, wiili Plaju and Eslimaid. By Prof. 
JfHNStfiir, Willi 105 Ulusiraiions 2/0 

Barn Implementa and Hacbines : 

Trflaimg of Clie ApftlicMiffn v( Pokvcr anil MacKines a-«"l in the 'I'hrashing- 
bam, Slockyanl, Dairy, &c. By Prcr. }. ScotT. With 133 Illmlralions. 

2/0 
FleJd Implements and Machines: 

\\'\ih Prtiicipli?^ And DetAtL^ of CunaLructioik :i\^d P0V1H& of ElHceLI^'ncC', iJieSr 
MAnagcniurjl, &<:. liy Prdf. JOHN ScoTT. With i^S illuslratiaiis jj/Q 

A|!p1 cultural Surveying: 

A I'lcaiUr iin I^iiil Survt^yiiij'. Levelling, and Sdldiig-oul; wUh DirEciiom 
fcr Valuing Esialts, By Pr£i£ J. SCDT-l'. With 6a J UiuLcikCion:: . 1/8 

Farm Engineering. 

Hy i'r.ile?tw)r Johh Scott. Coiiiprisitig' ilic aliovo Soxen Vtilomes in One, 
i,iSd'I>nge£, and av« &>> llliulzationE. H.al[-bGuiid , , . 1 £/0 

Outlines of Farm Management. 

'i'rcaling of ihc Cnseiiil WorL of the b'arm ; BtocI: ; Contra>cc Wurk ; 

Labour, &c. liy R, Saa-r lit'Ki 2/B 

Outlines of Landed Estat^e Manag^inneut. 

Trciniiie of the V'An^titi^ of Laitda., IklciltoJ^ uf PaFinoiij^. Scllinc-oal oM 
F'arms, Reads, li'ences, Ga.!es, Drairage, &i:. Ity k. SciiTT Birns . 2fB 
■■.• TheaifVt V'bv I^p/t. fi* One, k/nulrprntiy !ml/-ltsfn't, fnrt £/, 

SoilA, Manures, and CrOpa. 

{Vd. 1. OuTLIKEi 0¥ MoHEKS FaKMI SO.)' By R. StOTT Beirw 

Farming: and Farming Boonomy. 

(Vol, 11. OUTUNM. OF MoUBKf I'AFlJ'ldra-) 



stock: Cattle, Sheep, and HorneB. 

(Vol. 111. OUI-LIHES Of MiJDKKN FAKMlNli.) 



By R- StOT-I BUHB 
liy Ei, SioTT Burn 



2/0 
3/0 

2/B 

2/0 



Dairy, Pigs, and Poultry. 

(Vul. IV, OiiTLifJES or MiiiiEKN Faxv rN4^.) By R. Scott Bubn 

Utilization of Sewage, Irrigation, aAd Reclamation 
of WTaete Land. 

(Vul. V. Outlines Of Mqdeh^j FAR«iimi.) By R. Scott Buiih . 2/6 

OutlinsB of Modem Farming. 

liy k. SraTT Burn. CoinisLiiii; *jf iht aWre Five Volume!, in Oie, 
■,a^ pp.i pcofuscl)' Illustratcil, harf-UiLiad . . , . - 1 Z/Q 
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Book-keeping far Farmers and Elatate Owuera. 

A I'ractical Tre^.tL'^eg preaeiiuiig^ ld Three PUa^, a Sy^ltok adapttil for all 
dasses ofFanni.. By J. M. WooDll AM. TliirJ EdiuDn, renHd 2/6 

Ready Reckoner far the Admeasuremeat of Land. 

By A. Ah.ma^. 'I'hird EdiiioiiH it^'isctl iiid e>.lencl'eii liy C- NotfftIS 2^0 

Miller's, Corn Herchant's, and Farmep's Ready 
Beokaner. 

Secojid Edklon, revised, VLLh a Price List of Moderi] Flour MLltMachuiery, 
liy W. S. HiiTiruH, C E 2/0 

The Hay and Strais Measurer. 

New Tablts fat the LTst ufAucironE-cr^i ValiBcra, FamLBi^, Hay and Straw 
Dealecs, Slc. liy JuHM STEELE 2/0 

M^at ProduQtian. 

A Manual fur FroJucers, Dialiibutors., aad Caniimi'fitB of fiutclieia' MeU. 
By Jqun Ewart 2/6 

Bheep : 

The Hulory, SLrisdure^ Economy, and Disea&e^ of. By W. C- SpoOHek, 
M.R.V.S. Fif:h Edition, with fiuB EnRiavinja 3/S 

Hftpket and Kitchen Oard^ning. 

UyC. W. Seia-vv, tale Ediior of " Garde jtiiig UliUitfated " . ■ . 3/0 

Kltohen Gardening Made fiasy. 

Showing ihe bctl mcari'i -of CuttivHiing every known Vegetable and H»rb, 
&c., wiih directions for management all the ycii,r round. By Ckorgh M. F. 
Bi_eniir. Illujiraietl . . f /g 

Cottage Oapdening: 

Or flowers, Kniili, and Vegttabiis for Small Cardeiu. By E. Hobdav. 

1/G 
Garden Beoeipts. 

EdLiidbjCH.>«i-Es W. QnN ...... . l/fi 

Fmit Trees, 

I'hr S-cientilic and Pcolitable Ciiilure o[. Fiom ihe French of M. Dtl 
GliKUIL- Fuiirth Edition, <:aitfMy Revised by G^OHUt: GLBtdNV, With 

187 Woodciiu 3/6 

The Tree Planter and Plant Propagator : 

With n.um-rrau* IHj>.itatLoin. of Giafiing, Layeidiig, EudUiiig, tiiipl«inaitl, 
Houfie^, l-^il^i &c. l^y SA^LUkL Woou --,.,, 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning ol Friiic Trees, Shruhi, Climbcn, mid 

Flowering Phntsi Witli ininicrons lllusirations. l!y Samuel Wood 1 /g 

*,* Tfi^ ahtn'g 'fiiiit Vols, ■'« Oflfj kitn'tsoiiuly htitj-fijuHcl, ^vice 3j. g//, 

The Art of Grafting and Budding. 

By Chari.es BA1.TVT. With IltustTAtioiu ..... 1 2/Q 



]3 weave's scientific and tectinical bebies. 



MATHEMATICS, ARITHMETIC, ETC. 
Descriptive Geometry, 

An UlcmcTjiiLiy rrt:iEi»^T? Jn : w\\h fl Th-Hory of Shrwtows anJ of Per^jitfctiv'e, 
cutraclcil fr.ini !hc t"riiiich_of G. MbHCG. To wtlicli is adjed n IJeijcHptiDn 
ol the J'rinn pics and Ptaclice of IiDiueirica! Projeciion. By J- F, HttATirnk, 
M.A. Wilhi^Plalw . . 2/0 

PTAoticAl P]an« Geometry: 

i pivin^ ihc Siitnp3e-I MuJr^ of Lianstrarting Fi^m contninroij in anc Plane 
aiid Uii'.riMCrioEl l-iinstru-c-non of ihe GroMn-l. Py J- F- Heathbm, M.A. 
Wiih 315 WijoJcuii 2/0 

Analytical Geometry and Conia SeotloDSt 

A Riiiiinieniary Treatise on. By James Hamk. A. New EJdilion, re- 
wriil'Tii and rtiliugcd \rY Prufr-.sut J, H. YgUbG • . . . ZiO 



Buclid (The Blements atj. 

VVilh rLa.ny AtCdMyon.il Pnipoailiin 



inDs iUid E.vplarjaiory NoEes; to which i^ 
prclurd mi lulmdiicinry Essay nn Ljijic. Bjr Hbhhv Law, C.K. , 2/6 

EnoUd. Th* Firai nirue IKwks. By Hsnbv L«w, C.K. . . -1/6 
Euclid^ llmolit 1, 3, A, II, II. By l^iCHEiv Law, UE. . . .1/6 

Plane Trigonometry, 

Tim I'.lmitrii.'. Iff. By James Bawh 1/6 

Spherioa] Trigonometry, 

The I'Jlomnii (if. By Jauks Hakk. Revised by Ciiari,es U. Diiw- 

LIHC, CK. I/O 

'.' Ortfrlb " Thi Eltintjils ti/ Plant TTigOHamciry" in Out Vafatnr, u. fial 

Dii7erantia! Calculus, 

fcliTiienl? n[ ih«, r.y W, S. IS. WorJLHQUSE, F.R.A.S., fc. . .1/6 

Ititegral Calculus. 

£!y HijaiEii5HA"* CbX, B.A. I/O 

Algebra., 

Tlid ElemcDts of. ByJsMES Haduow, M.A. With Appendii, con lain in g 
Miy^llalicnus Jouesligaliuns, and a t^o'lefliijti nf Problems . . 2/0 

A Key and Companion to the Above. 

An C.Moi^ivc RcpcniLory of Salved EAain|»lc& and Pidblenu lu Algebra.. 
Ey J. H. YnuH.-. , 1/6 

Commercial BoDk-kee{>iTig. 

AViLhi t^L'irnnerL'i.il B'hiasfi ard Foirni^ in Ergiisli, Frtnch* FtBliui^ and 

Gt^'iii:in. Uy jAMti HADUDf, M.A 1 /g 

Arithmetic, 

A 1Jiidimeninr7 TrEattee on. With full ExplsnaciBnE oT its TheorGlicai 

Prindplch, ani] numctgu.v Kianiplra f™- PcbiiiLcb. FonheUse of ISchtmls 
nnd fur Sriir-liiMriJciitin, By J. R. Vounc, late ftareubiuf M^iiliciiipvtlc-t 
hi Itclfayt Cullege. Efcvciiili tditiun . . . - - - 1 /6 

A Key to the Above. 

lij.J, K, Vm,..-;,, .... , . . . . t/6 

BquatJonal Arithmetio, 

AppUH to QuMiic-ne iiT liitFrc<H, Anniiiiltr, Life Ai=urance, and General 
Commerce; with larluus Tahle* by -which all Calculaiii-ns maybe groacly 
fiiicilitiitd, ByW. HiMLEW 1/g 

Arithmetio, 

KuJ](iii!rwry, for the Use of Sfhonis hrli) Self-rnAtiUCIian. By jAWit 
Elriniirj-., M.A. Vcyi^rd hy AwiTAKAni Aicuah .... ■) /g 

A Key to the Above. 

liyA-AuMiN , . . . ^/a 
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MtLthematical Instrunients : 

'I'licir Cun^tmnjclon, AdjuAUakcni, Testing, and Uac ciinci*tT}- r!x)]1aiiii:d 
Ey J. F. Hhathrii, 11, fl., ill tll5 Uoyal Milii.-ny Acsik'my, Wuol>iiii;h.. 
Kniinr^tnt-h Eiliiion, Rtvised, whih Addiiio i?, hy A- T. Wai.misi.kv, 



M.I.C-E.- Oriai«;al Edjiiyti, in i vol., lUoslral'J 



' 



•,* /fl en/tjinf^ ihe ahofe^ ht cartful fo r/rj* " Ortgiital Rifffiiin" ir qivt thf 
uirni/'t-r in tfii StrUs {3i>, te diniin^iih it fmi't the Enfaij-Cii Ediiioa in 

^ ~'t}is- i'j^ Ji?e'^tJ7Ui} — 

Sra.isin^ and Measuring InstFuments, 

Jncluding^I. lniinirocnis.crnii1oi"ccl iii Geometrical and Mechstiicnl Dra.*"' 
\ag, and in ihe Car;;[nj[Li'>iit Copyi^i'li ami Mciuinri-mu il nF Mrip^ and 
J'I[in^. li. In'iirurncni'i u^d fi>r lbs purpri^es. of AcL:iih';(Cu Tklea^urFrncfit, 
aijJ Jul AriihDit:ili:;iI C<:iiujiuiu[ii>aB. IJy J. F. ElEATHbii, fJ.A. . '\1B 

Optical Inetrumenta. 

Including (more efpeciaJIy) Tel«t:ape.i, Mictniicdpe?, and j^p]!iiiiilu^ for 
produting cuiiics of Maps and Plans liy PhGLuBraphy. i!y J. F. H bather, 
A[.A. Illu^lrated .......... 1/6 

SuFveying and Astronomical In^trufnenta. 

liiciuiltriE — 1. l[i^ta"jrTienU U-seil fur Deternniruiii: llic tii:(]iiie1rka] l^cntlura 
uTa pisrtiQfi of Ground- ] J. [ ns it ti mentis cnipEoyed u\ Astrori omical Ob- 
!^rriralioii!i. By J. i'. HbaTheR, M.A. IlJu^iraUd. . . -1/6 

",■ T/it adi^'t fit-ef vshtmn ftrfH an cnlargtmcHt ^ tht AalAnr's msiaai vntk, 
" Matlifniiiikiii fmlrnarrits," /■rid aj. i^DeicriiiCii ai Jn/ (if page.) 

mathematical InBtFumentB: 

Their Comtiiiciiiin, Adjustmcni, Tesiinj nnil Use. t-'iin>pming Drjiwrnp, 
Mensurinc;, Optical, Suryc^iiiE, nnd Asiionpinical Ins'iiiiiicnl.'t. lly J. F. 
Hi^^THF.n, M.A. Enlaiscti f-rliiion, fiir ttm most part critirdj" rti-wrttten. 
Th'': Three Pnrls a.s abc>v«, ill One thick VoLuiDi^ .... 4^S 

The Slide Rule, and How to Use It. 

Ciinuiliihg Tiibi, c^L-^y, and •^iiiipl± IfLSlrLi:ii<}iis to (lerrjiTii all BuMiies'^ CbI- 
calations ^vilh. itneKamplcd rapjiCity a.nd accllrikijy. lEy Charles Hoakk, 

C.ri. WKh j51id«Rule,iniuc:korMVfir. liliK lidiiiun, . . 2/6 
Logarithms- 

WilK Msthema-ticBl TAfales foTTT]^DiiDfne[TJca.l, A^tronoEnical, and Naul:lca] 
Qikul.Tli'jns. Ily Hf»JI!V Law, C.I'!.. K<;«i.sctl liJill-an . . . 3'0 

Compound Int'eceBt and Annuities (Theppy of). 

With Tables nf T^gjriihtn'^ foT tlie more Tliiiiictili Compni^i lions of liiirre>*r^ 
DIticnunL, AnnuiELca, &c., in all Lbcir Applicnlio[]a nnd Ll^s fcjr Mcn-antiic 
and Slate Purj]0«s, Hy Feiioh ThohaNj Paib;. Foutih EdkiDu . 4/0 

Mathematical Tables, 

For 'I Vijgcitiocui: trials! , A^cionotnkalf and Nautical CalcnlalioTis ; lo whicli is 
pfeftked a TrfiatL=5 on r.OEarilliins. by K- i.A*, C K, Toa^tlitr *illi n 
Scries i>rTabie* f'tr Navjcation iiid Nautical Aitrtinomy. By I'ltifes'-ur J. 
R. VoUMC. New i^diUivn 4/0 

MaihematloB, 

Aa appliffl.l \\f tlie Consiruciiv* A™. By Fh.i.»cis Cimi'IK, CE., Slc. 
Sccomd Zd'LLun ■ 4 .■>■■* 1. - 3/0 

Aatronomy. 

By [he lair Res. RfitiEUT Main, F.R.K, Thic^ Edition, revised And cor- 
rectrd W ihc PrdsenL Timr. I!y W. T. LvNh, [''.R.A.S. . . 2^0 

StatLoa and Dynamiaa. 

'I'llp [Viiicl |ilt!> and IVacliec of, Enlbratiiie also a clear development of 
HydrjdUiiu, HyJrtiilynaJsii^i, and Centra] P'orces. by T- U^kuh, C-E, 
Fourth Edition .... 1/B 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES- 



Bj 

1/6 



A Dioiionary of Painters, and Handbook for Pioture 
Amateupft, 

Beinc a {jiiidt for ViaiEorc to Public and PFivAle Picture Gall^rfcs^ and for 
Ail'Siudenit, incliidln'g Glosury ot Tema, Sketch aC PriDci|ra3 SctiCIDls Ol 
PainliikL:, &I1. by FiEiL.fr^'H DARVih B'Ai • ■ - p . 2/Q 

Painting Fapularly Bxplalnad. 

By r. J. CulLIlK, Painlei, and JOHN TiMni, F.S.A. InclndinE Frrsca, 
Oil, Mo5aic, Waiir Colour, WaiCfflbCT, Temptra, EncaUiric, Miniature, 
pBinhnK on Ivoiy^ Vellum, Putleryj Enamel, Olau, fiic. Fifth Edition 5^0 

A Diotionary of Tarms used In Arehiteature, Build- 
ing, Engineerings, Mining, MetiLllup^, Arah^- 
olotfyi the Fin's Arts, &o. 

l<y John We^lf., Sijili Edliioii. Edited by Robt. ^unt, F,R.S. 
Nnincdaus ILltutratiaiiA -■■,■■■« . G/0 

Husio : 

A RadimentiLry and. Pr^ctiiLal Trratiac With numcroiu Gxaoiplca. I3v 
Chakles Chilii Si'km^br 2/6 

PfAn^fortQ, 

Thf Art of Playing [he. Wiiii niamorous ExerdsM and Le&HDiis. 

CHAiii.es Child SrENcnii 

The Hoase Hana^er. 

Being a Guide lo Housekeeping, Pracllcat Cookery, Piclcling and PfeSBTT- 
■ntp Hou^whol'd Work, Dairy ManaRemeiLt, Cfliaraj^e af Wincs^ KSomC' 
htewing and Wine-maltirii;, SubUn ELonomy, DardenLng Operations, ftt 
By An Old HairsKitRBi'i!H ........ 3/g 

H-anuo.] of Domastio Medicine> 

E!y It Cirj-riEiitjr., M.D. Initewded a^ a Faraily Guide in ail (3t«.^ ol 
Ac^idenl ifid EirtcirgMicy Third Editiao, carefully reriscd . g/0 

Management of Health. 

A Manual of HiHilft and PciH>nal Hj-giEnn. By Rc». Jawb3 Baird | /Q 

Natural Philoeophy, 

For the Ust t>f llssinincrs. By Csablbs TonLtHeoH. F.R.S, . .1/6 
The Electric Tele^aph, 

Ik Hiftorj and PrnerofS. Willi DescripiioM rf seme of th* ApparAtUL 
By R. SahIHk, C.K.^ F.S.A., Si;. ....*. . 3/O 

Handbook of Field Fortifloation. 

Bjj Major W. W. KwoLLVs, F.R.G.S- Wilh iGj WoodciLbi . , 3/0 
Logic, 

Pure and Applied. By S. H. Emmkn*;. Third Edition . . > 1 /S 

Locke on the Human Understanding, 

SelcciioLis rrom, Wiih Nolcs by S. H. Emmrms . . , 1/6 

The Ooni[iendtouB Calculator 

{[nlurth" O'^ca/afifvn], Or Eajy and ConEWt Mtliiods of Performing the 
vaiioiui Ariithmcticnl OpEralions tcqilired in Comtnerclal and RiiFinc^i 
TranMCtif!!*!! ; liiB^rlwr with Useful Tables, &■; By UrtKiti. 0'GiiiiM*it. 
Twenty-seventh Edition, carefijily revised by C NoKBia . . , 2/8 
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Measures, WeLghta, aoid Moneys of a.11 Nations. 

Willi an Aii-.^ly^-i^ oi tlie ClkrUiiAn, Mclircw^ i\ntl MdliQiiicLaa CaltnLlr]T:i. 
lly W. S. E. WDOLiiriLisK, K.K.A.S, l.S-S. Seventh EilitiQD . ZfQ 

GrammHr of the Bn^lteh Tongu@, 

Spiitpii ami WrIlleJi, Willi id liilroducilLin lu the Srndy or Ci.iiiiparJ.Uve 
Pliilology. By Hvuft Claicke, D-U.C Tifih Kdilian. . . . 1/6 

KDtionary of the BngUsh Language. 

As Suukizn .iiid Written. UanC^ipiing abGvc i93,os^ Words. By H^CB 

Ci.Misi-;, n.c.r.. 3/6 

Co"l/^ rli' iiirfl: lAr Gnr,i%n\R &I& 

Composition and Punctuation, 

I'amlliaiJy F.sjIiilTisd far rhjsc whii liivc ntgleCtid [hi Sllidy ol Gwrnniir. 
By^LT^iTiN Bkiixas, iSili EdiiioiL 1/6 

French Cpajnniar. 

Wilh C^amplete and CoTkCk^e Rule^ an the Genders of FEencEi Ni>iin<. Ry 

G, L. Stbmjss, Pb-D 1/6 

English -French Dictionary. 

■Ciimprt-bfii,'' a ]:tsi^^ iiuiiiber of rernia used tii EiiEinceringa hliiiint;, &c> 
Uy Al.tHEi) liLivES 2/0 

French Dictionary. 

Ill iwij PjrL!^ — I, French4Englkh_ Tl. En glT^ih-F tench, conipleitf in 
One Vifl. . 3/0 

'■,• OriuM rAp Gbam:iiar, 4/S> 

French and English Phraaa book, 

Conuiining In t tod uc Lory Lessons, with Iran-sliLlions, V4Ka.buIaiica gf Wurda, 
Collection of Phrases, antl K.asy Familiiir Dialogura . . - ■ 1 '8 

Germ an GFammar. 

Aiiapreii for Eiigli>.3k Students, from Heyse"s Theoretical anil Pracliral 
Giammar, by D[. G. L. STRAUSS 1 y6 

German Triglot Dictionary. 

fy N. E. S. A. HAMI^TnK, ?.■;« I. Geritian-Frtnch-EpeLUh. Part IT. 
En^]i*h-Gerniaii-"Fiench- Part ill. FreTicli.(jerman-t-ng]i^ri . . 3/0 

Oerman Triglot Dictionary. 

lAi .ibovej'. TugciLer wiLh Uenuaji Gra-tamar, in Ojir Volume . S/0 

Italian GraminaF. 

Arra-ngiril in 'I'wenly Lessons, mitJi Ei-orclses. By ALmito Elwes. f /fi 

Italian Triglot Dictionapy, 

"Wherein ihn C^ejiclera of alJ ihc lEnlian and French Nouns are care'nlly 
nDled dciwn. By ,^^FHRR iiuwua. Vol. I. Italian F.iiElinh-Freni:)!. 2/6 

Italian Triglot Dictionary, 

ByAr.FHiSD En'.ES. Vol. =. English- Frtncli-llflliaii. . - 2/6 

Italian Triglot Dictionary. 

By ALrriEC ELtfE!:. Vol, 3. Ficn^h-ltsJiaii-Eii^iiti. . . 2/6 

Italian Triglot Dictionary, 

iAf above!. In One Vol T/6 

SpaniBh Grammar. 

In a Simplaand Fractica] Furm- With Fssrcises. By Ar.FkED Em 1!.=; 1 /fi 

Spanish -English and Bnglish- Spanish Dictionary, 

Intlisili";: s late= ndiTiLei' ol Technical TcriiLi u.i=il hi Miiiuig, Enainicriiie', 
&c. , walti iTie pTJiper Accent* and the Gender of every ^Jouc. By ALrtfKii 

Elwes 4/0 

*,* Or ariti tit GnA.miA!i, 6/0- 
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Porta^ea* Grammav, 

In a Simple and Practical Form. Wiih Exerdses. Ry Alprki; Elwes 1 /G 

FoFtn^ese -EngliBh and English -Portuguese Dic- 
tionary. 

Including a lartje numlier of Ter:liiiical Terms iiKd in Mining, Encineering, 
&c., wilh the proper Accents and the Gender of every Noun. By Ai.frki> 

Elwks. Third Euition, revised . S/Q 

*■," Or tuiiA the GRAMMAR, 7/0- 

Anlitaal Physios, 

Handbook of. ItyDioNvsius Lardksr, D.C.L. Withsio Illustrations. 

In One Vol. (732 pages), cloih boards 7/6 

■»• Sold aha in Titrff FariSt as follmttsi — 
Animal Physics. I(y Dr. Labunkr. Parti., Chapters I. — VII. 4/0 
Animai. I'livsics. By Dr. Lahdner, Part II., Chapters VIII.— XVIII. 

3/0 



f 
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